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EP 2 806 898 B1
Description

[0001] The present invention relates to the synthesis and reaction of potent and selective small molecule integrin
antagonists containing appropriate linkers and functional groups for chemical reaction with other molecules which contain
reactive nucleophiles such as thiols such that a covalent linkage is formed between a moiety to be conjugated and the
targeting entity. The small molecule targeting antagonists bind to cognate receptor systems as VLA-4 antagonists to the
VLA-4 dimer (as 041 antagonists to the Integrin a4p1 (Very Late Antigen-4 dimer). The covalently linked moiety includes
small molecule therapeutics, polymers, peptides, and oligonucleotides. Included are 5’-thio-containing oligonucleotides
for formation of 5'-thio-siRNA derivatives as a means to enable targeted delivery of said siRNAs. Such derivatized
siRNAs in conjunction with appropriate transfection agents aid in the selective delivery of siRNAs to cells which express
such integrin receptors, thereby preventing the expression of target genes through RNA interference (RNAI).

[0002] VLA-4 (Very Late Antigen-4, also called a4B1) is an integrin dimer. It is comprised of two subunits consisting
of CD49d (alpha) and CD29 (beta). VLA-4 is expressed on leukocyte plasma membranes which bind to VCAM-1 on
blood vessels (after activation by cytokines) helping the leukocytes adhere to vascular endothelium (contributing to
atherosclerosis or other inflammatory diseases). Certain cancer cells may also express VLA-4 which bind to VCAM-1
adhering to the endothelium (increasing the risk of metastasis). Thus, compounds that bind to VLA-4 may block the
interaction with VCAM-1 potentially treating or preventing diseases mediated by this interaction. Alternatively, compounds
that bind to VLA-4 may be used in delivery formulations to deliver drugs, nucleic acids, or other therapeutic compounds
to tissues or cells expressing VLA-4 for the treatment or prevention of disease. Sha Zhong et al, Leucine-Aspartic Acid-
Valine Sequence as Targeting Ligand and Drug Carrier for Doxorubicin Delivery to Melanoma Cells: In Vitro Cellular
Uptake and Cytotoxicity Studies’ Pharmaceutical Research 26(12): 2578-2587 (October 2009), discloses the Leucine-
Aspartic acid-Valine (LDV) sequence as targeting ligand and drug carrier to integrin o434 expressing cancer cells. RNA
interference is a well-known process in which the translation of messenger RNA (mRNA) into protein is interfered with
by the association or binding of complementary or partially complementary oligonucleotides such as small interfering
RNA (siRNA), short hairpin RNA(shRNA), micro RNA (miRNA), or antisense oligonucleotides. siRNAs are doublestrand-
ed RNA molecules, usually ranging from 19-25 nucleotides in length that associate with a set of proteins in the cytoplasm
known as RISC (RNA-induced silencing complex). RISC ultimately separates the double stranded siRNA allowing one
strand to bind or associate with a complementary or partially complementary portion of an mRNA molecule after which
the mRNA is destroyed by RISC or otherwise prevented from being translated- consequently suppressing the expression
of the encoded protein or gene product.

[0003] One of the problems in using nucleic acids such as siRNA in therapeutic applications (especially for systemic
administration in humans) has been in delivering the nucleic acids to: (1) particular target tissues or cell types and (2)
to the cytoplasm of those cells (i.e., where the mRNA is present and translated into protein). Part of the delivery problem
is based on the fact that nucleic acids are negatively charged and easily degraded (especially if unmodified), efficiently
filtered by the kidney, and cannot be easily transported to the cytoplasm of the cells by themselves. Thus, a significant
amount of research has focused on solving the delivery problem with various carriers and formulations including lipo-
somes, micelles, peptides, polymers, conjugates and aptamers. See Ling et al, Advances in Systemic siRNA Delivery,
Drugs Future 34(9): 721 (September 2009). Some of the more promising delivery vehicles have involved the use of
lipidic systems including lipid nanoparticles. See Wu et al., Lipidic Systems for In Vivo siRNA Delivery, AAPS J. 11(4):
639-652 (December 2009); International Patent Application Publication No. WO 2010/042877 by Hope et al ("Improved
Amino Lipids And Methods For the Delivery of Nucleic Acids"). However, a need remains for further improved targeting
of siRNA; as well as other substances such as small molecules, peptides, other nucleic acids, fluorescent moieties, and
polymers to particular target cells and to the cytoplasm of such cells.

[0004] The invention relates to compounds of formula I:

R1/NWO\/\L\R2

O
formula [

wherein R1, R2, and n are defined in the detailed description and claims. In particular, the present invention relates to
the compounds of formula | for the improved delivery of conjugated moieties such as small molecules, peptides, nucleic
acids, fluorescent moieties, and polymers to target cells expressing the integrin a4p1 (Very Late Antigen-4) dimer for
various therapeutic and other applications. The present invention also relates to methods of manufacturing and using
such compounds.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0005]
Table 1 shows the composition of particular 5’-derivatized siRNA single and double strands.
Table 2 shows analytical data for small molecule siRNA conjugates.
Table 3 shows the siRNA sequences wherein the 5’-antisense strand has been derivatized with Nu547.
Table 4 shows small molecule-siRNA conjugate potencies in integrin antagonists assays and siRNA KD data.
Table 5 shows the identity, characterization and binding potencies of FITC isomer labeled reagents.
Figure 1 shows a histograph ("B": Duplex-27 500 nM and Example 140 10 wM; "A": Duplex - 27).
Figure 2 shows representative siRNA uptake image (Duplex-27 (500 nM).

Figure 3 shows images of Jurkat cells with FITC conjugated with Example FITC-5 (LFA-1 antagonist-labeled FITC)
at 10 pM.

Figure 4 shows images of Jurkat cells with FITC conjugated with Example FITC-14 (VLA-4 antagonist-labeled FITC)
at 10 wM. The histograph indicates a shift in presence of the siRNA duplex with a VLA-4 targeting element. In the
presence of VLA-4 antagonist example 140, this shift is oblated.

Figure 5 shows the reduction of AHA1 expression in H1299 cells when treated with siRNA duplexes which have
been derivatized on the 5’-sense strand with an integrin targeting small molecule. The y-axis indicates the observed
expression level of AHA1. The lower bar indicates a greater degree of knock-down (a higher degree of siRNA
transfection); a high bar, a lesser degree of knock-down (i.e., a lesser degree of siRNA transfection). Duplexes in
blue have targeting modifications on the 5’-end of the sense strand; those in pink have targeting modifications on
the 5’-end of the sense strand as well as Nu547 fluorophore attached to the 5’-end of the antisense strand.

Figure 6 shows the levels of GAPDH mRNA expression, a marker of cell health. The similarity of the expression
levels for those cells treated with derivatized siRNA to that of the mock and untreated cells is an indication of the
lack of cellular toxicity at the treatment concentration and duration.

[0006] Unless otherwise indicated, the following specific terms and phrases used in the description and claims are
defined as follows:

The term "moiety" refers to an atom or group of chemically bonded atoms that is attached to another atom or molecule
by one or more chemical bonds thereby forming part of a molecule. For example, the variables R1 and R2 of formula |
refer to moieties that are attached to the structure shown in formula | by a covalent bond where indicated.

[0007] The term "conjugated moiety" refers to moiety which is a therapeutic or useful compound, peptide, polymer,
small molecule, fluorescent moiety, oligonucleotide or nucleic acid. Examples include drugs, therapeutic peptides, an-
tisense oligonucleotides, siRNA, and fluorescein isothiocyanate (FITC).

[0008] Unless otherwise indicated, the term "hydrogen" or "hydro" refers to the moiety of a hydrogen atom (-H) and
not H,.

[0009] The term "halogen" refers to a moiety of fluoro, chloro, bromo or iodo.

[0010] The term "alkyl" refers to an aliphatic straight-chain or branched-chain saturated hydrocarbon moiety having 1
to 25 carbon atoms.

[0011] The term "TFA" refers to trifluoroacetic acid.

[0012] Unless otherwise indicated, the term "a compound of the formula" or "a compound of formula" or "compounds
of the formula" or "compounds of formula" means any compound selected from the genus of compounds as defined by
the formula (including any pharmaceutically acceptable salt or ester of any such compound if not otherwise noted).
[0013] The term "pharmaceutically acceptable salts" refers to those salts which retain the biological effectiveness and
properties of the free bases or free acids, which are not biologically or otherwise undesirable. Salts may be formed with
inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, preferably hydro-
chloric acid, and organic acids such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid,
malonic acid, salicylic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic
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acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, N-acetylcystein. In addition, salts may be pre-
pared by the addition of an inorganic base or an organic base to the free acid. Salts derived from an inorganic base
include the sodium, potassium, lithium, ammonium, calcium, and magnesium salts. Salts derived from organic bases
include salts of primary, secondary, and tertiary amines, substituted amines including naturally occurring substituted
amines, cyclic amines and basic ion exchange resins, such as isopropylamine, trimethylamine, diethylamine, triethyl-
amine, tripropylamine, ethanolamine, lysine, arginine, N-ethylpiperidine, piperidine, polyamine resins. Depending on the
substitution patterns, the compounds of the present invention may also exist as zwitterions.

[0014] The compounds of the present invention can be present in the form of pharmaceutically acceptable salts. The
compounds of the present invention can also be present in the form of pharmaceutically acceptable esters (i.e., the
methyl and ethyl esters of the acids of formula | to be used as prodrugs). The compounds of the present invention can
also be solvated, i.e. hydrated. The solvation can be affected in the course of the manufacturing process or can take
place i.e. as a consequence of hygroscopic properties of an initially anhydrous compound of formula | (hydration).
[0015] Compounds that have the same molecular formula but differ in the nature or sequence of bonding of their atoms
or the arrangement of their atoms in space are termed "isomers." Isomers that differ in the arrangement of their atoms
in space are termed "stereoisomers." Diastereomers are stereoisomers with opposite configuration at one or more chiral
centers which are not enantiomers. Stereoisomers bearing one or more asymmetric centers that are non-superimposable
mirror images of each other are termed "enantiomers." When a compound has an asymmetric center, for example, if a
carbon atom is bonded to four different groups, a pair of enantiomers is possible. An enantiomer can be characterized
by the absolute configuration of its asymmetric center or centers and is described by the R- and S-sequencing rules of
Cahn, Ingold and Prelog, or by the manner in which the molecule rotates the plane of polarized light and designated as
dextrorotatory or levorotatory (i.e., as (+) or (-)-isomers respectively). A chiral compound can exist as either individual
enantiomer or as a mixture thereof. A mixture containing equal proportions of the enantiomers is called a "racemic mixture".
[0016] The term "a therapeutically effective amount" means an amount of a compound that is effective to prevent,
alleviate or ameliorate symptoms of disease or prolong the survival of the subject being treated. Determination of a
therapeutically effective amount is within the skill in the art. The therapeutically effective amount or dosage of a compound
according to this invention can vary within wide limits and may be determined in a manner known in the art. Such dosage
will be adjusted to the individual requirements in each particular case including the specific compound(s) being admin-
istered, the route of administration, the condition being treated, as well as the patient being treated. The daily dosage
can be administered as a single dose or in divided doses, or for parenteral administration, it may be given as continuous
infusion.

[0017] The term "pharmaceutically acceptable carrier" is intended to include any and all material compatible with
pharmaceutical administration including solvents, dispersion media, coatings, antibacterial and antifungal agents, isot-
onic and absorption delaying agents, and other materials and compounds compatible with pharmaceutical administration.
Except insofar as any conventional media or agent is incompatible with the active compound, use thereof in the com-
positions of the invention is contemplated. Supplementary active compounds can also be incorporated into the compo-
sitions.

[0018] In detail, the present invention relates to the compounds of formula I:

WO\/\L\RZ

O

H
_N

R1
Formula I
or pharmaceutically acceptable salts or esters thereof; wherein n is 1-24 and wherein:

R1 is selected from the group consisting of:

(1) a compound of the formula:
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G
OH
HN 0
O
m
wherein m is 0-3 and G is selected from the group consisting of:
CH,
CH, I
[ H,C N o
o] 0 Cl 0 N 0
H,C Y |
H H =
N N N
Y Y el Y Y . ¥
c 0o : c o ’ CH, , and ] ;
(2) a compound of the formula:
G
OH

R4 HN o
Cﬁ O
%W R5 .
m )

wherein m is 0-3, R4 and R5 are independently hydrogen or halogen, W is O or CH,, and G is selected from

the group consisting of:

CH,
CH, I
[ H,C N 0
o] 0 Cl 0 N 0
H,C Y |
H H =
N N N = ff(
N Yo one ¥
and © F
cl o) ’ Cl (o] ’ CH3 ; F ,

and
(3) a compound of the formula:
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0]

oo
N o "o
F F
N
N N

L O
O F
HO” o " %00

R2 is selected from the group consisting of:

(1) a compound of the formula:

Y

>

}Lf@ .

>

(2) a compound of the formula:

(3) a compound of the formula:

and

(4) a compound of the formula:

§<X—S R3

~_

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:
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0

o>_/*N
to PEG%LN O
H

[0019] As used in the above structures, the symbol g is used to indicate where the structure or moiety is attached
to the base molecule by a covalent bond. In addition, the phrase "to PEG" or "to S" or similar language used in combination
with the above symbol, indicates where or how the structure or moiety is attached to the base molecule if there a multiple
attachment points. For example, if R2 is a compound of the formula:

§<X—S R3

~_

toS

wherein X is a compound of the formula:

9) N

to PEG%N o
H

then the structure based upon formula | would be:

O
H
N O
o! : N

O

toS

S R3

~_

wherein R1, R3, and n are as defined in formula I.

[0020] The presentinvention also relates to methods of manufacturing and using the compounds of formula | as well
as pharmaceutical compositions containing such compounds. The compounds of formula | are useful in improving the
delivery of small molecules, proteins, nucleic acids, polymers, fluorescent markers, and other substances to target cells
expressing VLA-4 receptors. In particular embodiments, the present invention relates to compositions and formulations
containing the compounds of formula | which are useful in delivering siRNA to the cytoplasm of target cells expressing
VLA-4 receptors to inhibit the expression of certain target proteins through RNA interference.

[0021] In more particular embodiments, the invention relates to the use of the compounds of formula | for formulation
to facilitate the delivery of nucleic acids such as siRNA to tumor cells and other cell types expressing VLA-4 receptors.
Furthermore, the use of the compounds of formula | to synthesize delivery formulations to treat inflammation and pro-
liferative disorders, like cancers, is part of the invention.
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[0022] R1 represents small molecule integrin antagonists which target the compounds of formula | to VLA-4 integrin
receptor complexes, thereby facilitating their delivery to cells that express such receptors.

[0023] In particular embodiments, the small molecule integrin antagonist targeting moieties of R1 are attached at a
position such that the affinity of binding of the small molecule to the integrin receptor is not substantially reduced relative
to the free small molecule integrin antagonist. The R1 moieties of formula | target the VLA-4 (Integrin a4p1 or the Very
Late Antigen-4) dimer.

[0024] In particular embodiments, R1 is a VLA-4 targeting moiety of the formula:

Cl

H

N

OH
Cl O
HN o)
O
m

or a pharmaceutically acceptable salt or ester thereof, wherein m is 0-3.
[0025] In other particular embodiments, R1 is a VLA-4 targeting moiety of the formula:

_0 ol

H,C

H
N
OH
Cl O
HN o)
O
m

or a pharmaceutically acceptable salt or ester thereof, wherein m is 0-3.
[0026] In other particular embodiments, R1 is a VLA-4 targeting moiety of the formula:

CH,
o lej 0
H,C” NF
&, OH
HN Y
g
m

or a pharmaceutically acceptable salt or ester thereof, wherein m is 0-3.
[0027] In other particular embodiments, R1 is a VLA-4 targeting moiety of the formula:
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or a pharmaceutically acceptable salt or ester thereof, wherein m is 0-3.

[0028]

or a pharmaceutically acceptable salt or ester thereof, wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is

In other embodiments, R1 is a VLA-4 targeting moiety of the formula:

Cl

ZT

OH

R4 HN

w R5
m

O or CH,.

[0029]

or a pharmaceutically acceptable salt or ester thereof, wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is

In other particular embodiments, R1 is a VLA-4 targeting moiety of the formula:

o cl
H,C”
H
N
OH
0
R4 HN O
O
W R5
m

O or CH,.

[0030]

In other particular embodiments, R1 is a VLA-4 targeting moiety of the formula:
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m

or a pharmaceutically acceptable salt or ester thereof, wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is

O or CH,.

R4

HN

R5

OH

[0031] In other particular embodiments, R1 is a VLA-4 targeting moiety of the formula:

m

or a pharmaceutically acceptable salt or ester thereof, wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is

O or CH,.

[0032] In other particular embodiments, R1 is a VLA-4 targeting moiety of the formula:

\JJ\/

o

or a pharmaceutically acceptable salt or ester thereof.

10

O

e QO%}S
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[0033] R2mayrepresentreactive moieties which can form covalent linkages with therapeutic or other useful compounds
or conjugated moieties having strong nucleophiles such as thiol-containing molecules. Examples of such reactive moieties
include moieties selected from the group consisting of:

3Oy

: ; and

[0034] Alternatively, R2 may represent a moiety which is already attached to a conjugated moiety such as a therapeutic
or other useful compound, protein, or oligonucleotide (R3). More specifically, R2 may represent a moiety of the formula:

§<X—S R3

~_

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

0

9) N
>—/7 toS
to PEG%N O
H

[0035] In particular embodiments, R3 represents an oligonucleotide. In more specific embodiments, R3 represents
the 5’-end of the sense strand of an RNA molecule which may exist as a single strand or in a duplex such as a siRNA
molecule. Such siRNA molecules, also known as RNAi agents, inhibit the expression of a target gene in a cell. In specific
embodiments, R3 is a siRNA molecule that consists essentially of an oligoribonucleotide strand of between 15 and 30
nucleotides in length, wherein the 5’ terminus of the sense oligoribonucleotide strand is coupled to R2 as shown in the
above structures and is complementary to at least one portion of an mRNA corresponding to the target gene. In other
embodiments, R3 is an oligonucleotide of DNA attached at its 5’-end. Such derivatized DNA may exist as a single strand
or as one strand hybridized with a complementary strand of another oligonucleotide. The oligonucleotide strands can
be either unmodified or modified for metabolic stability. Such modifications include substitutions at specific positions on
the phosphate (e.g., phosphorothioate) and 2’-hydroxy (e.g., 2-O-methyl and 2’-fluoro).

[0036] In particular embodiments, R2 of formula | represents -X-S-CH,-R3 wherein R3 includes a sense strand of
RNA as shown below in formula 5 (based on formula I):

H
N O
R17 W \/\]n\X—S\/\/\/\ -
o) O

5

\O-sense RNA

O—1u—0

wherein R1, n, and X are as defined in formula |.
[0037] In other particular embodiments, the sense strand may be bound to an antisense strand.
[0038] In other specific embodiments, R2 represents -X-S-CH,-R3 wherein R3 represents a small molecule or protein,

1"
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thereby forming a covalently linked, specifically targeted entity of formula I. In more specific embodiments, R2 represents
-X-S-CH,-R3 wherein R3 represents a therapeutic small molecule or protein.

[0039] In other specific embodiments, R2 represents -X-S-CH,-R3 wherein R3 represents a fluorescent moiety useful
for the visualization of these integrin receptor bindings using cellular microscopy techniques.

[0040] In other specific embodiments, R2 represents -X-S-CH,-R3 wherein R3 represents a polymer having primary,
reactive sulfides. More specifically, R3 may represent a cationic polymer useful for the complexation and delivery of
siRNA to cell surfaces and the cytoplastic domains of cells.

[0041] In more particular embodiments, the present invention is directed to compounds of formula | wherein R3 is one
of the structural isomers of fluorescein isothiocyanate (FITC) shown below:

OH

[0042] In other more particular embodiments, the present invention is directed to compounds of formula | wherein R3
is one of the structural isomers of FITC-14 shown below:

Cl Chiral cl
N N
Cl O
O
Cl N I cl N O
@] OO
N0 Cl cl

[0043] In other embodiments, the presentinvention is directed to a compound of formula | wherein nis 9-13, preferably
12.

[0044] In more specific embodiments, the present invention is directed to a compound of formula | selected from the
group consisting of one of the following compounds (or a pharmaceutically acceptable salt or ester thereof):

VLA-4 Ligand Reagent 1 (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[[1-[2-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihy-

dropyrrol-1-yl)propionylamino]ethoxy]ethoxy]ethoxy]ethoxy] propionylamino]ethyl]cyclopentanecarbonyllami-
noJpropionic acid;

12
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VLA-4 Ligand Reagent 2 (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-di-
oxo-2,5-dihydropyrrol-1-yl)propionylamino]-ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]propio-
nylamino]ethyl]cyclopentyl]c arbonyllamino]propionic acid;

VLA-4 Ligand Reagent 3 (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-
2-[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylamino]-ethoxy] ethoxy]
ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]propi onylamino]ethyl]cyclopentane-
carbonyllamino]propionic acid;

VLA-4 Ligand Reagent 4 (S)-2-[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-(2-acetylsulfanyI-
ethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]propionylamino]-ethyl]-cyclopentanecarbonyl]-amino]-
3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid;

VLA-4 Ligand Reagent 5 (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[3-(2,5-di-
oxo-2,5-dihydropyrrol-1-yl)propionylaminolethoxy]ethoxy]ethoxylethoxy] propionylamino]propoxy]benzoylami-
noJpropionic acid;

VLA-4 Ligand Reagent 6 (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[2,6-dichloro-
4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-
yl)propionylamino]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxy]propionylamino Jpropoxylbenzoylami
noJpropionic acid;

VLA-4 Ligand Reagent 7 (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[2,6-dichloro-
4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylamino]
ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy] propionylamino]pro-
poxy]benzoylamino]propionic acid;

VLA-4 Ligand Reagent 8 (S)-2-[[1-[4-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylami-
nolethoxy]ethoxy]ethoxylethoxy] propionylamino]butyl]cyclopentanecarbonyllamino]-3-[4-(1,3,6-trimethyl-2,4-di-
oxo0-1,2,3,4-tetrahydropyrimidin-5 -yl)phenyl]propionic acid;

VLA-4 Ligand Reagent 9 (S)-2-[2,6-Dichloro-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylami-
nolethoxy]ethoxy]ethoxylethoxy] propionylamino]propoxylbenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)phenyl]propionic acid;

VLA-4 Ligand Reagent 10 (S)-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)pro-
pionylamino]ethoxy]ethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy] propionylamino]propoxy]benzoylamino]-
3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid;

VLA-4 Ligand Reagent 11 (S)-2-[4-[(3-[2-[2-[2-[2-[3-(2,5-Dioxo-2,5-dihydropyrrol-1-yl)propionylami-
nolethoxy]ethoxy]ethoxylethoxy]propionylamino)methyl]-2,6-difluorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-di-
oxo0-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid trifluoracetate salt;

VLA-4 Ligand Reagent 12 (S)-2-[4-[(3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-Dioxo-2,5-dihydropyrrol-1-
yl)propionylamino]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxy]propionylamino )methyl]-2,6-difluor-
obenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid trifluorace-
tate salt;

VLA-4 Ligand Reagent 13 (S)-2-[4-[[3-[2-[2-[2-[2-[2-[2-[2-[2-acetylsulfanyl-
ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylpropionylamino]methyl]-2,6-difluorobenzoylamino]-
3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid; and

VLA-4 Ligand Reagent 14 (S)-2-[4-[[3-[3-[2-[2-[2-[2-[2-[2-[2-(2-acetylsulfanylethaoxy)ethoxy] ethoxy] ethoxy] ethoxy]
ethoxy] ethoxy] ethoxy]propionylamino]pro pionyl]-[4-[(S)-1-carboxy-2-[4-[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahy-
dropyrimidin-5-yl]phenyl]ethylcarbamoyl]-3,5-difluorobenzylaminolmethyl]-2,6-difluorobenzylaminol-3-[4-[1,3,6-tri-
methyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl]phenyl]propionic acid.

[0045] In addition, the present invention relates to novel compositions and formulations containing compounds of
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formula | for the creation of nanoparticles upon combination with siRNA, resulting in the improved delivery of nucleic
acids such as siRNA to the cytoplasm of target cells expressing a4p1 complexes. In particular embodiments, the present
invention is directed to a siRNA formulation comprising: (1) a compound of formula | wherein R2 includes a 5’-siRNA
oligonucleotide; and (2) a polycationic transfection agent.

[0046] The presentinvention also relates to methods of manufacturing and using such compounds and compositions.
The compounds of formula | are useful as components of compositions or formulations which improve the delivery of
drugs, nucleic acids, or other therapeutic compounds to tissues or cells expressing a41 complexes. In particular em-
bodiments, the present invention relates to formulations containing the compounds of formula | which are useful in
delivering siRNA to the cytoplasm of target cells expressing a4B1 complexes to inhibit the expression of certain proteins
through RNA interference. In more particular embodiments, the present invention relates to the compounds of formula
| and compositions containing such compounds that can effectively deliver siRNA to tumor cells and other cell types
expressing a4p1 dimers for the treatment of cancer or inflammatory diseases. Such compounds and compositions are
more efficacious and demonstrate improved knockdown capability compared to similar formulations lacking the com-
pounds of formula I.

[0047] In one embodiment there is provided a compound of formula I:

WO\/\L\RZ

O

H
_N

R1
Formula I
or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is selected from the group consisting of:

(1) a compound of the formula:

OH
HN 0
O
m
wherein m is 0-3 and G is selected from the group consisting of:
CH,
CH, I
[ H,C N o
o] 0 Cl 0 N 0
H,C Y |
H H =
N N N .=
§( }‘( He” §‘( F F f'(
c 0o : c o ’ CH, , and ] ;

(2) a compound of the formula:

14
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OH

R4 HN

%W R5

m

wherein m is 0-3, R4 and R5 are independently hydrogen or halogen, W is O or CH,, and G is selected from
the group consisting of:

20

25

30

35

40

45

50

55

Cl

Cl e} ’

and

(3) a compound of the formula:

\JJ\/

NS

@)

e go%}g

R2 is selected from the group consisting of:

Y

(1) a compound of the formula:

(2) a compound of the formula:

[ ° H.,C N (o]
H C/O Cl OYN 0 |
3
H H =
N
N}\! \E;;( }r( H3C/N = §\‘( fr(
Cl o] ;

O
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}Lf@ |

>

(3) a compound of the formula:

and
(4) a compound of the formula:

§<X—S R3

~_

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

0

9) N

to PEG%N o
H

[0048] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula [

toS

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein: R1 is

16
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Cl

ZT

OH
Cl 0

HN o)

wherein m is 0-3.
R2 is selected from the group consisting of:

(1) a compound of the formula:

Y

}Lf@ .

>

(2) a compound of the formula:

(3) a compound of the formula:

and

(4) a compound of the formula:

§<X—S R3

~_

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

17
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0

9) N

to PEG%N o
H

[0049] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula [

toS

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is a compound of the formula:

7

H,C

wherein m is 0-3.

o)

Cl
H
[ I N
OH
Cl O
HN o)

R2 is selected from the group consisting of:

(1) a compound of the formula:

(2) a compound of the formula:

Nt

18
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}Lf@ |

(3) a compound of the formula:

and

(4) a compound of the formula:

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

to PEG

>

2@—

§<X—S R3

~_

O
9) N
>—/7 toS
2
H

[0050] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula [

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is a compound of the formula:
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T
0 YN 0
N /
H,C”
OH
CH,
HN Y

wherein m is 0-3.
R2 is selected from the group consisting of:

(1) a compound of the formula:

Y

}Lf@ ,

>

(2) a compound of the formula:

(3) a compound of the formula:

and

(4) a compound of the formula:

§<X—S R3

~_

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:
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[0051] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula [

EP 2 806 898 B1

O

0

toS

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is a compound of the formula:

wherein m is 0-3.

R2 is selected from the group consisting of:

(1) a compound of the formula:

(2) a compound of the formula:

%

Ir=z

21
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}Lf@ |

(3) a compound of the formula:

and

+

(4) a compound of the formula:

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

[0052] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Fs

~_

0

9) N

to PEG%N
H

Formula [

R3

>

toS

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is a compound of the formula:
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Weol

wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is O or CH,.

R2 is selected from the group consisting of:

(1) a compound of the formula:

(2) a compound of the formula:

(3) a compound of the formula:

and

(4) a compound of the formula:

Y

}Lf@ .

23
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wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

O
9) N
>L—/F_ toS
2
H

[0053] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula [

to PEG

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is a compound of the formula:

0o Cl
H.C

ZT

OH
Cl 0o

R4 HN

w R5
m

wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is O or CH,.
R2 is selected from the group consisting of:

(1) a compound of the formula:

Ir=z
O

(2) a compound of the formula:
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}Lf@ |

(3) a compound of the formula:

and

(4) a compound of the formula:

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

to PEG

>

2@—

§<X—S R3

~_

O
9) N
>—/7 toS
2
H

[0054] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula [

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is a compound of the formula:
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OH

R4 HN O
@ O
%W R5
m

wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is O or CH,.
R2 is selected from the group consisting of:

(1) a compound of the formula:

(2) a compound of the formula:

(3) a compound of the formula:

and

(4) a compound of the formula:

Y

}Lf@ ,

>

e

26
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wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

O
9) N
>L—/F_ toS
b ¢
H

to PEG

EP 2 806 898 B1

Fs

~_

[0055] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is a compound of the formula:

m

Formula [

W

R5

R3

wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is O or CH,.

R2 is selected from the group consisting of:

(1) a compound of the formula:

27



($]

10

15

20

25

30

35

40

45

50

55

[0056]

EP 2 806 898 B1

N

(2) a compound of the formula:

}Lf@ .

(3) a compound of the formula:

and

(4) a compound of the formula:

Fs

~_

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

0

9) N

to PEG%N o
H

In one embodiment there is provided a compound of formula I:

28
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R1

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is a compound of the formula:

0
\NJ\N/

o

F F
N
H
’/,’ N
! @)
@) F
HO @)

rd

H
N

EP 2 806 898 B1

WO\/\L\RZ

O

Formula [

R2 is selected from the group consisting of:

(1) a compound of the formula:

(2) a compound of the formula:

(3) a compound of the formula:

}Lf@ |

>

29
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and
(4) a compound of the formula:

§<X—S R3

~_

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

to PEG

O
9) N
>—/7 toS
b ¢
H

[0057] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula I
or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:
R1 is selected from the group consisting of:

(1) a compound of the formula:

OH

HN 0
wherein m is 0-3 and G is selected from the group consisting of:
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CH,
CH, I
[ H,C N (o]
o] 0 Cl 0 N 0
H,C Y |
H H =
N N N s ¥
Y Y one ¥
F F
c 0o : c o ’ CH, , and ] ;
(2) a compound of the formula:
G
OH
R4 HN o
o
%W R5 )
m )

wherein m is 0-3, R4 and R5 are independently hydrogen or halogen, W is O or CH,, and G is selected from

the group consisting of:

CH,
CH, I
[ H,C N 0
o] 0 Cl 0 N 0
H,C Y |
H H =
N N Nz f'(
N Y one ¥ .
a4 o ; ¢ o ; cu, , and ! ;
and
(3) a compound of the formula:
X1 Y
SNTONT SNTONT
N
0] N 0]
F F
N
N N
/," O
0] F
HO 0] 0] OH

R2 is a compound of the formula:
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Y

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

O
9) N
>L—/F_ toS
b ¢
H

to PEG

[0058] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula [

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is selected from the group consisting of:

(1) a compound of the formula:

HN

wherein m is 0-3 and G is selected from the group consisting of:

32
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CH,
CH, I
[ H,C N (o]
o] 0 Cl 0 N 0
H,C Y |
H H =
N N N s ¥
Y Y one ¥
F F
c 0o : c o ’ CH, , and ] ;
(2) a compound of the formula:
G
OH
R4 HN o
o
%W R5 )
m )

wherein m is 0-3, R4 and R5 are independently hydrogen or halogen, W is O or CH,, and G is selected from

the group consisting of:

CH,
CH, I
[ H,C N 0
o] 0 Cl 0 N 0
H,C Y |
H H =
N N Nz f'(
N Y one ¥ .
a4 o ; ¢ o ; cu, , and ! ;
and
(3) a compound of the formula:
X1 Y
SNTONT SNTONT
N
0] N 0]
F F
N
N N
/," O
0] F
HO 0] 0] OH

R2 is a compound of the formula:
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wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

O
9) N
>L—/F_ toS
b ¢
H

EP 2 806 898 B1

}Lf@

to PEG

[0059] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula [

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:

R1 is selected from the group consisting of:

(1) a compound of the formula:

HN

OH

wherein m is 0-3 and G is selected from the group consisting of:

Cl

cl o
H,C”
H
N
O H

Cl

Cl

34
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(2) a compound of the formula:

G
OH
R4 HN o
O
%W R5 .
m )

wherein m is 0-3, R4 and R5 are independently hydrogen or halogen, W is O or CH,, and G is selected from

the group consisting of:

CH,
CH, I
[ H,C N 0
o] 0 Cl 0 N 0
H,C Y |
H H =
N N N~ f'(
§( }‘( HC §‘( F F
a4 o : a0 : ci, , and ! ;
and
(3) a compound of the formula:
X X
\N N/ \N N/
NS
0O N 0O
F F
N
N N
X °
0O F F 0O
HO 0] 0] OH

R2 is a compound of the formula:

S

o

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:
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O
9) N
>L—/F_ toS
2
H

[0060] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula [

to PEG

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:
R1 is selected from the group consisting of:

(1) a compound of the formula:

OH

HN 0

wherein m is 0-3 and G is selected from the group consisting of:

CH,

o] 0 Cl 0 N 0
H.C QT/
§ N N
Y Y owe” ¥
O ’ O ’

cl Cl s

(2) a compound of the formula:
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G
OH
R4 HN o
O
%W R5 .
m )

wherein m is 0-3, R4 and R5 are independently hydrogen or halogen, W is O or CH,, and G is selected from

the group consisting of:

CH,
CH, I
[ H,C N o
cl 0 Cl o N 0
H,C Y |
H H =
N N N~ ¥
Y Y one Y
and © F
cl o) ’ Cl (0] ’ CH3 ; F i
and
(3) a compound of the formula:
O

\JJ\/

o

e go%}g

§<X—S R3

~_

R2 is a compound of the formula:

wherein R3 is a single or double stranded oligonucleotide and X represents either sulfur ora compound of the formula:
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O
9) N
>L—/F_ toS
2
H

[0061] In one embodiment there is provided a compound of formula I:

H
N O
R1” W \/\]n\RZ
O

Formula [

to PEG

or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:
R1 is selected from the group consisting of:

(1) a compound of the formula:

OH

HN 0

wherein m is 0-3 and G is selected from the group consisting of:

CH,

o] 0 Cl 0 N 0
H.C QT/
§ N N
Y Y owe” ¥
O ’ O ’

cl Cl s

(2) a compound of the formula:
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OH

R4 HN

%W R5

m

wherein m is 0-3, R4 and R5 are independently hydrogen or halogen, W is O or CH,, and G is selected from
the group consisting of:

20
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Cl

Cl e} ’

and

(3) a compound of the formula:

\JJ\/

NS

@)

e go%}g

R2 is selected from the group consisting of:

Y

(1) a compound of the formula:

(2) a compound of the formula:

[ ° H,C N (o]
H C/O Cl OYN 0 |
3
H H =
N
N}\! \E;;( }r( H3C/N = §\‘( fr(
Cl o] ;

O
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}Lf@ |

>

(3) a compound of the formula:

and

(4) a compound of the formula:

wherein R3 is a siRNA molecule

GENERAL SYNTHESIS OF THE COMPOUNDS OF THE INVENTION

[0062] Suitable processes for synthesizing compounds of formula | are provided in the examples. Generally, com-
pounds of formula | can be prepared according to the schemes illustrated below. Unless otherwise indicated, the variables
n and R1 and R2 in the schemes below are defined in the same manner as defined previously for the genus of formula I.

General synthesis of maleimide-(PEG)n-integrin antagonists conjugating agents

[0063] Compounds such as 26 in scheme 1 of various lengths of PEG are commercially available (e.g., from Pierce
BioScience). Such compounds can also be made as by acylating the amino termini of PEG amino acids with 3-(2,5-
dioxo-2,5-dihydro-pyrrol-1-yl)-propionic acid under amide bond forming conditions, followed by formation of reactive N-
hydroxysuccinic esters by reaction of N-hydroxy succinic acid under ester forming conditions. As shown in scheme 1,
reacting the compounds of 26 with compounds containing primary or secondary amines such as 27 are conducted in
aprotic or protic solvents in the presence of basic amines such as DIEA (diisopropylethylamine) at room temperature
generating the PEGylated intermediates of 28.

(@]
+ R2—N DMSO ] /Hka
\ R2—N
o Ri

26 27 28

Scheme 1

[0064] Compounds such as 29 in scheme 2 for which R4 is thioacetyl or 2-dithiopyridyl and having PEG moieties of
various lengths are also commercially available (e.g., from Pierce BioScience). Reaction of compounds having the
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structure of 29 with compounds containing primary or secondary amines such as 27 are conducted in aprotic or protic
solvents in the presence of basic amines such as DIEA (diisopropylethylamine) at room temperature generating the
PEGylated intermediates of 30.

0.
J/O\[\/\OMO ° o+ RN e —_— = R k {/v

R1

29 27 30

Scheme 2

[0065] As aspecificexample for this invention, intermediate 26 is reacted with 31 to produce the maleimide intermediate
of 32 as shown in Scheme 3:

o ? HN/\/O\Q\ oY"HLHNO NH o
By |
% s o OKWK O s hei

o Mal-Peg8-NHS

26 31 32

Scheme 3

[0066] In a similar manner, intermediate 26 can be reacted with 33 to produce the maleimide intermediate of 34 as
shown in Scheme 4:

oo ﬁ
g J/O\[\/\OW\O é) . 9 @ & 1 /k\/ W
DIEA
26 33 34
Scheme 4

[0067] In a similar manner, intermediate 29 can be reacted with 35 to produce the intermediate of 36 as shown in
Scheme 5 in which R4 represents either thioacetyl or 2-dithiopyridyl:

41



10

15

20

25

30

35

40

45

50

55

EP 2 806 898 B1

29 35

DIPEA, DMSO

S

IO/FVOWO

HN\/\/O\ : :
NH (o]

H \
N N NH,
Y Y
HO 0 NH,
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36
Scheme 5

[0068] In a similar manner, intermediate 29 can be reacted with 37 to produce intermediate of 38 as shown in Scheme
6 in which R4 represents either thioacetyl or 2-dithiopyridy!:
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Scheme 6

[0069] For compounds of general structure 26 or 29, different PEG lengths are available or easily made by those
skilled in the art; preferably n = 8-24. This topic has been thoroughly reported and reviewed (e.g., Chemistry for peptide
and protein PEGylation, Advanced Drug Delivery Reviews Volume 54, Issue 4, 17 June 2002, Pages 459-476).
[0070] Intermediate 31 can be synthesized in a manner similar to that which has been reported (e.g., Sidduri, A. et al.
Bioorganic & Medicinal Chemistry Letters, 2002, 12, 2475-2478) as shown in Scheme 7:

43



10

15

20

25

30

35

40

45

50

55

EP 2 806 898 B1

N [¢ e}

Q c
oN NH, c 4
Zinc dust, NH,CI cl HCl in Dioxane
_ = _ = Cl (0] _
j\ "l O  MeOH, HO, rt. "l o DIPEA, CH.CL,, r.t. - Dioxane, r.t.
o >|\ o j\ HN
07 Yo o7 ~o
o’go ©
40 41 42 43
Cl Cl
cl Ney* OH N s
H Nv&o
N
cl O cl O
c o N;N* n o 1) PMe, THF, rt. N oH
Hol HN o< HBTU, DIPEA, r.t. N 00 2) NaOH, EtOH, H,0, r.t. HN o ©
o)
44 45 46 31
Scheme 7

[0071] Specifically, as shown in Scheme 7, intermediate 41 was created from commercially available (S)-3-[4-nitro-
phenyl]-2-tert-butoxycarbonylamino-propionic acid 40. The nitro group of commercially available starting material 40 in
a methanol solution was reduced with zinc dust in the presence of ammonium chloride at room temperature over the
course of several hours, resulting in aniline 41. Other methods for nitro reduction are known to those skilled in the art.
Aniline 41 was acylated with benzoyl halide derivatives such as 2,6-dichlorobenzoyl chloride 42 in aprotic solvent such
as dichloromethane in the presence of a base such as di-isopropyl-ethyl amine at room temperature. In this manner,
amide 43 was formed. The t-butylcarbonyl (Boc) amine protecting group was removed according to standard methods
known to those skilled in the art, such as by treatment with an HCI solution in dioxane at room temperature; this resulted
in hydrochloride 44. Hydrochloride 44 was treated with amide bond forming conditions (also well known to those skilled
in the art) in the presence of known 1-(2-azido-ethyl)-cyclopentanecarboxylic acid 45 resulting in the production of di-
amide 46. The azide group of intermediate 46 was reduced by treatment with tri-alkyl phosphine in an aprotic solvent
such as tetrahydrofuran atroom temperature. Further, the methyl ester was saponified by treatment with sodium hydroxide
in a solvent mixture such as ethanol and tetrahydrofuran at an elevated temperature such as 50°C and for 15 hours.
This process resulted in the formation of intermediate 31 which may also be presented as a zwitterion.

[0072] Attachment of the PEG moiety is also possible with intermediate 39, which is synthesized as shown in Scheme
8. Specifically, 3,5-dichlorophenol 47 is protected with tri-isopropylsilylchloride in the presence of a base such as imidazole
in a polar aprotic solvent such as DMF before reaction with a strong base such as butyllithium in anhydrous tetrahydrofuran
at low temperatures such as -78 degrees C. The resulting lithium complex is quenched with carbon dioxide added in
the form of dry ice resulting in intermediate 48, a benzoic acid derivative. Intermediate 48 is then chlorinated to form the
acyl chloride by treatment in an aprotic solvent such as toluene with sulfonyl chloride (SOCI,). At this time, the acyl
chloride is then reacted with amine hydrochloride 49 in the presence of base such as di-isopropylethyl amine (DIPEA)
in aprotic solvent such as dichloromethane (DCM), thereby forming intermediate 50. The silyl protecting group of inter-
mediate 50 is removed by treatment with tetrabutyl ammonium fluoride (TBAF) in a protic solvent such as tetrahydrofuran
atroomtemperature. This phenolintermediate is reacted in the presence of a base such as potassium carbonate (K,COs)
in an aprotic solvent such as dimethylformamide (DMF) with 3-N-t-butyl-carbomate-1-bromopropane. In this manner
intermediate 52 is formed which upon deprotection with trifluoroacetic acid (TFA) and subsequent hydrolysis with a base
such as sodium hydroxide in protic solvent such as ethanol forms intermediate 39:
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Scheme 9

[0074] Rings represented by G other than 2,6-dichlorobenzoyl may be installed into intermediate 55 as shown in
Scheme 9. Then intermediate 55 is made available for subsequent coupling in a similar manner as that shown in Scheme
7 and to produce a target molecule ready for coupling according to Scheme 4 enroute to making the compounds of
formula I. Detailed synthesis methods of the preparation of intermediate 53 in Scheme 9 above are published in US
PatentNos. 6,388,084 B1 and 6,380,387 B1. Briefly, aryl or heteroaryl zinc reagents are formed from known intermediates
53 or 54 in an anhydrous solvent such as dimethyl acetamide (DMA). At this point the zinc reagents are reacted with
commercially available (S)-2-tert-butoxycarbonylamino-3-(4-iodo)phenyl]propionic acid ethyl ester 55 in the presence
of a palladium catalysts such as Pd(dba), and in presence of palladium ligands tri-toluylphosphine in an aprotic solvent
such as tetrahydrofuran (THF) at 50 °C. In this manner, an intermediate of general structure 56 is formed. Intermediate
56 is then transformed to intermediate 57 in four steps as discussed for Scheme 7.

[0075] Itis also possible to form dimeric VLA-4 antagonist targeted motifs according to a synthetic method shown in
Scheme 10. In this manner, intermediate 58, which can be produced from a similar method as described above in
Scheme 9, is reacted with amide forming reagents such as HBTU and base DIPEA in aprotic solvent DMF in the presence
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of 4-bromo-2,6-diflurobenzoic acid 52 according to scheme 10. The resulting intermediate 59 is treated with dicyano
zinc in the presence of tetrakis(triphenylphosphine)palladium(0) phosphine in a solvent such as tetrahydrofuran to form
the cyano substitution product, intermediate 60. Upon hydrogenation in n-propanol with hydrogen gas and catalytic
palladium on carbon at room temperature, the secondary amine intermediate 63 is formed. At this point, the di-propyl
ester is transformed to the di-methyl ester, followed by reaction with the acid chloride of N-Cbz-beta-alanine in the
presence of base such as di-isopropylethyl amide, thereby forming intermediate 64. This intermediate is saponified with
aqueous base and the N-Cbz group is removed by catalytic hydrogenolysis to yield the dimeric VLA-4 antagonist amino
acid of 65 as shown in scheme 10.

ANF Nz
HBTU, DIPEA, DMF Zn(CN),, Pd(PPh,),, DMF, 850C
o - -
HN ~7 F o N O~
o)
Br F Br F
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Scheme 10

UTILITY

[0076] The compounds of formula | are useful in delivering conjugated moieties such as therapeutics, small molecules,
peptides, nucleic acids, fluorescent moieties, and polymers to target cells expressing VLA-4 integrin receptor complexes
for various therapeutic and other applications. Accordingly, the compounds of formula | may be used for treating various
diseases and conditions that are associated with the expression or overexpression of VLA-4. Such diseases and con-
ditions may include inflammation, cancer, and metabolic related diseases.

[0077] In particular embodiments, the present invention comprises a compound of formula | for use in a method of
treating or preventing cancer in a mammal (preferably a human) in need of such treatment, wherein the method comprises
administering a therapeutically effective amount of said compound of formula |. Such compositions can be administered
in a fashion consistent with good medical practice. Factors for consideration in this context include the particular disorder
being treated, the particular mammal being treated, the clinical condition of the individual patient, the cause of the
disorder, the site of delivery of the agent, the method of administration, the scheduling of administration, and other factors
known to medical practitioners. The "effective amount" of the compound to be administered will be governed by such
considerations as the minimum amount necessary to treat or prevent the disease or condition (e.g. inhibit the expression
of a target protein) and avoid unacceptable toxicity. For example, such amount may be below the amount that is toxic
to normal cells, or the mammal as a whole. The compositions containing a compound of formula | of the invention may
be administered by parenteral, intraperitoneal, and intrapulmonary administration. Parenteral infusions include intra-
muscular, intravenous, intraarterial, intraperitoneal, or subcutaneous administration.

EXAMPLES

[0078] The invention will be more fully understood by reference to the following examples.

[0079] Reagents were purchased from Aldrich, Sigma, and Pierce BioScience or other suppliers as indicated below
and used without further purification. The purification of multi-milligram to multi-gram scale was conducted by methods
known to those skilled in the art such as elution of silica gel flash column. Preparative flash column purifications were
also affected in some cases by use of disposable pre-packed multigram silica gel columns (RediSep) eluted with a
CombiFlash system. Biotage™ and ISCO™ are also flash column instruments that may be used in this invention for
purification of intermediates.

[0080] For the purpose of judging compound identity and purity, LC/MS (liquid chromatography/mass spectroscopy)
spectra were recorded using the following system. For measurement of mass spectra, the system consists of a Micromass
Platform Il spectrometer: ES lonization in positive mode (mass range: 150 -1200 amu). The simultaneous chromato-
graphic separation was achieved with the following HPLC system: ES Industries Chromegabond WR C-18 3u 120A (3.2
x 30mm) column cartridge; Mobile Phase A: Water (0.02% TFA) and Phase B: Acetonitrile (0.02% TFA); gradient 10%
B to 90% B in 3 minutes; equilibration time of 1 minute; flow rate of 2 mL/minute. In some cases, ammonium acetate at
20 millimolar concentration was used as a modifier for effective ionization during preparative HPLC. In such cases, the
ammonium salt was isolated.

[0081] For some separations, the use of super critical fluid chromatography may also be useful. Super critical fluid
chromatography separations were performed using a Mettler-Toledo Minigram system with the following typical condi-
tions: 100 bar, 30 °C, 2.0 mL/min eluting a 12 mm AD column with 40% MeOH in super critical fluid CO,. In the case of
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analytes with basic amino groups, 0.2% isopropyl amine was added to the methanol modifier.

[0082] Compounds were characterized either by TH-NMR using a Varian Inova 400 MHz NMR Spectrometer or a
Varian Mercury 300 MHz NMR Spectrometer as well as by high resolution mass spectrometry using a Bruker Apex-I|
high-resolution 4.7T FT-Mass Spectrometer. Final compounds were also characterized by high resolution mass spec-
trometry using a LTQ CL Orbitrap sold by Thermo Electron.

[0083] Abbreviations used herein are as follows:

AIBN 2,2’-azobisisobutyronitrile

Bu butyl

DCE 1,2-dichloroethane

DCM dichloromethane

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene

DIAD diisopropyl azodicarboxylate

DIEA diethylamine

DIPEA diisopropylethylamine

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

EDC-HCI 1-ethyl-3-(3-dimethyllaminopropyl)carbodiimide hydrochloride
EtOAc ethyl acetate

EtOH ethyl alcohol

FCC flash column chromatography

h hour

HBTU O-(benzotriazol-1-yl)-N,N,N’,N’-tetramethyluroniumhexafluorophosphate
HOBt hydroxybenzotriazole

HPLC high pressure liquid chromatography

HRMS high resolution mass spectra

LRMS low resolution mass spectra

LC liquid chromatography

L-Pro L-proline

MCPBA meta-chloroperoxybenzoic acid

MeOH methyl alcohol

MW microwave

NIS N-iodosuccinimide

NBS N-bromosuccinimide

NMP 1-methyl-2-pyrrolidinone

PdCl,(dppf)  [1,1-Bis(diphenylphosphino)ferrocene] dichloropalladium(ll)
PEGnN Polyethylene glycol repeating n times (e.g., PEG2 = -OCH2CH20CH2CH2-)
PG protecting group

PyBroP bromo-tris-pyrrolidino-phosphonium hexafluorophosphate
rt room temperature

TBAF tetrabutylammonium fluoride

TBDMS tert-butyl-dimethylsilyl

TBTU 2-(1H-benzotrizole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate
TMS trimethylsilyl

TEA triethylamine

TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography

TPP triphenylphosphine
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Synthesis Of Compounds Targeting VLA-4

Example 1
(S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[[1-[2-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propio-
nylamino]ethoxy]ethoxy]ethoxy]ethoxy]propionylamino]ethyl]cyclopentanecarbo nylJamino]propionic acid;

VLA-4 Ligand Reagent 1:

[0084]

Cl

ZT

Cl O

OH
HN

O
/ ! !
<§é::ii\~//’\\1§/bd\\//’\\()//‘\\//()\\,/’\\()/’\\\//()\\///\\Tr/ o

0]

pd
O

Step 1: Preparation of 1-(2-bromoethyl) cyclopentanecarboxylic acid methyl ester:

[0085]

Br e

[0086] To a solution of diisopropylamine (56 mL, 396 mmol) in THF (85 mL) was added dropwise a solution of n-butyl
lithium (240 mL, 393 mmol, 1.6M) in hexanes at -10 °C while maintaining the temperature below 0 °C. After addition,
the solution was stirred for 30 min at 0 °C. To this, a solution of cyclopentanecarboxylic acid methyl ester (37.4 g, 263
mmol) in THF (50 mL) was added dropwise at -70 °C maintaining the internal temperature between -60 to -70 °C. After
addition, the reaction mixture was stirred for 1 h at -50 to -60 °C. Then, a solution of 1,2-dibromoethane (47 mL, 545
mmol) in THF (50 mL) was added dropwise and the light brown suspension was stirred for 1 h at -70 to -60 °C. Then, it
was allowed to warm to room temperature and stirred overnight. The reaction mixture was poured into a saturated
aqueous solution of ammonium chloride (200 mL) and the organic compound was extracted into ether (2 X 100 mL).
The combined extracts were washed with a saturated solution of sodium chloride (150 mL) and dried over anhydrous
magnesium sulfate. After filtration of the drying agent, the solution was concentrated under vacuum and the resulting
residue was distilled at 95-105 °C/2.5 mm Hg to obtain 49.6 g (80% yield) of 1-[2-bromoethyl]cyclopentanecarboxylic
acid methyl ester as a colorless oil.

Step 2: Preparation of 1-[2-azidoethyl]cyclopentanecarboxylic acid methyl ester:

[0087]

/

7
-
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[0088] A solution of 1-[2-bromoethyl]cyclopentanecarboxylic acid methyl ester (49.6 g, 211 mmol) and sodium azide
(54 g, 831 mmol) in DMF (200 mL) was stirred at 50 °C for 5 h under nitrogen atmosphere. Then, the solids were filtered
and the filtrate was concentrated to near dryness. The residue was diluted with ethyl acetate (500 mL) and the undissolved
solids were collected by filtration and the filtrate was concentrated to give the crude ethyl 1-(2-azidoethyl) cyclopentane-
carboxylate which was purified by chromatography over 250 g of silica gel, eluting with 5% ethyl acetate in hexane to
give 36.2 g (87% yield) of 1-[2-azidoethyl]cyclopentanecarboxylic acid methyl ester as a light brown oil. EI(+)-HRMS
m/e calcd. for CgH{5N30, (M-H)* 196.1086, obsd. 196.1342.

Step 3: Preparation of 1-[2-azidoethyl cyclopentanecarboxylic acid:

[0089]

|\
Nay
OH

[0090] The 1-[2-azidoethyl]cyclopentanecarboxylic acid methyl ester (36.2 g, 184 mmol) was dissolved in THF (500
mL) and methanol (250 mL) and a solution of LiOH monohydrate (15.44 g, 368 mmol) in water (300 mL) was added.
The resulting solution was stirred at 40 °C overnight and concentrated. The residue was dissolved in 1 L of water
containing 40 mL of 1N NaOH and was washed with hexane (500 mL). The aqueous layer was acidified with 1N
hydrochloric acid and the organic compound was extracted with ether (2 x 500 mL). The combined extracts were washed
with saturated sodium chloride solution and the organic layer was dried over anhydrous Na,SO,. Filtration of the drying
agent and concentration gave 32.5 g (96% yield) of 1-[2-azidoethyl cyclopentanecarboxylic acid as an amber liquid.
ES(+)-HRMS m/e calcd. for CgH13N30, (M+Na)* 206.0900, obsd. 206.0900.

Step 4: Preparation of (S)-3-[4-nitrophenyl]-2-tert-butoxycarbonylamino-propionic acid methyl ester:

[0091]

[0092] To a suspension of (S)-3-[4-nitrophenyl]-2-tert-butoxycarbonylamino-propionic acid (70.2 g, 226.2 mmol) and
sodium carbonate (95 g, 1.13 mole) in DMF (500 mL) was added methyliodide (70.4 mL, 1.13 mole) at room temperature.
The suspension was stirred for 15 h at room temperature at which time TLC analysis of the mixture indicated the absence
of starting material and the excess methyl iodide and some DMF were removed under high vacuum. Then, it was poured
into water (2 L) and stirred at room temperature as a precipitate formed slowly over 72 h. The precipitated solids were
collected by filtration and washed with water (2 L). After air and vacuum drying, 72 g (98% yield) of (S)-3-[4-nitrophenyl]-
2-tert-butoxycarbonylamino-propionic acid methyl ester was isolated as a light yellow solid (mp 95-96 °C). ES(+)-HRMS
m/e calcd. for C45H,oN,Og (M+H)* 325.1400, obsd. 325.1404.

Step 5: Preparation of (S)-3-[4-aminophenyl]-2-tert-butoxycarbonylamino-propionic acid methyl ester:

[0093]
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NH

[0094] To a mixture of methyl (S)-3-[4-nitrophenyl]-2-tert-butoxycarbonylamino-propionic acid methyl ester (72 g, 222
mmol), zinc dust (~325 mesh, 145.2 g, 2.2 mole, 10 equiv.) and ammonium chloride (178.1 g, 3.3 mole, 15 equiv.) was
added methanol (1 L) and water (500 mL) at room temperature. After addition of water, an exothermic reaction ensued
and the internal temperature rose to 45 to 50 °C. The suspension was stirred for 30 min to 1 h at room temperature, at
which time TLC analysis of the mixture indicated the absence of starting material, and the reaction mixture was filtered
through a pad of celite and the filtered cake was washed with methanol (1 L) and water (500 mL). Concentration to
remove most of the methanol and some water afforded white solids which were collected by filtration and washed with
water. After air drying, 65.5 g (100% yield) of (S)-3-[4-aminophenyl]-2-tert-butoxycarbonylamino-propionic acid methyl
ester was isolated as a white solid (mp 86-89 °C). ES(+)-HRMS m/e calcd. for C45H,oN,0O4 (M+H)* 294.1621, obsd.
294.1614.

Step 6: Preparation of (S)-2-tert-butoxycarbonylamino-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid methyl es-
ter:

[0095]

Cl

ZT

Cl O

[0096] To a solution of (S)-3-[4-aminophenyl]-2-tert-butoxycarbonylamino-propionic acid methyl ester (37.57 g, 127.6
mmol) and 2,6-dichlorobenzoyl chloride (29.45 g, 140.6 mmol) in dichloromethane (350 mL) was added DIPEA (24.8 g,
192 mmol) at room temperature. The brown solution was stirred for 15 h at room temperature to afford a white suspension
at this time TLC analysis of the mixture indicated the absence of starting material. Then, the solids were collected by
filtration and the solids were washed with dichloromethane (150 mL) and air dried to obtain 52.75 g (88.4% vyield) of (S)-
2-tert-butoxycarbonylamino-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid methyl ester as a white solid: mp
192-194 °C. ES(+)-HRMS m/e calcd. for C5,H,4CIoN,O5 (M+H)* 466.1062, obsd. 466.1069.

Step 7: Preparation of (S)-2-amino-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid methyl ester hydrochloride
salt:

[0097]
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Cl
H
N
Cl O

Ccl  HN ™~
o)

[0098] The solid (S)-2-tert-butoxycarbonylamino-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid methyl ester
(43.45 g, 92.97 mmol) in dioxane (90 mL) was treated with 166 mL of 4.0N hydrochloric acid in dioxane at room tem-
perature. After 5 minutes, the solids went into solution and the mixture was stirred for 2 h. Then, some of the dioxane
was removed under vacuum to afford a yellow syrup and 250 mL of ethyl ether was added. A gum was formed which
was dissolved in THF (100 mL) and methanol (100 mL). The solvent was removed under vacuum to obtain 43.7 g (100%
yield) of (S)-2-amino-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid methyl ester hydrochloride salt as a white
solid: mp 180-195 °C. This was stored in the refrigerator under argon atmosphere. ES(+)-HRMS m/e calcd. for
C47H46CILN,04 (M+H)* 367.0616, obsd. 367.0611.

Step 8: Preparation of (S)-2-[[1-(2-azidoethyl)cyclopentanecarbonyl]lamino]-3-[4-(2,6-dichlorobenzoylamino)phe-
nyl]propionic acid methyl ester:

[0099]

[0100] To a solution of (S)-2-amino-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid methyl ester hydrochloride
salt (10 g, 24.79 mmol) and 1-[2-azidoethyl]cyclopentanecarboxylic acid methyl ester (5.0 g, 27.29 mmol) in DMF (100
mL) were added HBTU (10.37 g, 27.33 mmol) and DIPEA (8.82 g, 68.3 mmol) at room temperature. The clear solution
was stirred for 48 h at room temperature and water was added (~200 mL) to the reaction mixture to precipitate the
product. The solid was collected by filtration and washed with water (100 mL) and hexane (~100 mL). After drying at air,
11.2 g of the product was obtained as a light brick solid which was treated with acetonitrile (100 mL) under hot conditions.
All impurities went into acetonitrile and the solid was collected by filtration to afford 8.24 g of coupling product. The
acetonitrile solution was removed under vacuum and the residue was dissolved in ethyl acetate and the product was
precipitated by the addition of hexane. Again, the solid was collected by filtration and the solids were dried at air to obtain
another 2.03 g (78% total yield) of (S)-2-[[1-(2-azidoethyl)cyclopentanecarbonyl]Jamino]-3-[4-(2,6-dichlorobenzoylami-
no)phenyl]propionic acid methyl ester as a white solid. ES(+)-HRMS m/e calcd. for Co5Ho7CIoN50,4 (M+Na)t 554.1332,
obsd. 554.1334.
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Step 9: Preparation of (S)-2-[[1-(2-azidoethyl)cyclopentanecarbonyl]lamino]-3-[4-(2,6-dichlorobenzoylamino)phe-
nyl]propionic acid:

[0101]

- OH

[0102] To a suspension of (S)-2-[[1-(2-azidoethyl)cyclopentanecarbonyl]amino]-3-[4-(2,6-dichlorobenzoylamino)phe-
nyl]propionic acid methyl ester (14.77 g, 27.7 mmol) in THF (200 mL) and ethanol (200 mL) was added aqueous 1.0N
sodium hydroxide (150 mL) at room temperature. The mixture was stirred for 15 h at room temperature at which time
TLC analysis of the mixture indicated the absence of starting material. Then, it was diluted with water (20 mL) and the
THF and ethanol were removed by rotary evaporation and diluted with 100 mL of water and extracted with ether (200
mL) to remove any neutral impurities. The aqueous layer was neutralized with 1N HCI and the resulting white solids
were collected by filtration and washed with water and hexanes. After air-drying, 13.37 g (93% yield) of (S)-2-[[1-(2-
azidoethyl)cyclopentanecarbonyllamino]-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid was obtained as a white
solid. ES(+)-HRMS m/e calcd. for Co4H,5ClbN50,4 (M+Na)* 540.1176, obsd. 540.1177.

Step 10: Preparation of (S)-2-[[1-(2-aminoethyl)cyclopentanecarbonyl] amino]-3-[4-(2,6-dichlorobenzoylamino)phe-
nyl]propionic acid; VLA-4 Ligand-1

[0103]

Cl

Cl O

OH

HN O

[0104] To a solution of (S)-2-[[1-(2-azidoethyl)cyclopentanecarbonyl]lamino]-3-[4-(2,6-dichlorobenzoylamino)phe-
nyl]propionic acid (6.28 g, 12.11 mmol) in THF (91 mL) was added a solution of trimethylphosphine in THF (48.5 mL,
48.46 mmol, 1.0M) at 0 °C. It was a clear solution in the beginning and after 30 min some precipitate was formed and
this mixture was stirred for overnight at which time TLC analysis of the mixture indicated the absence of starting material.
Then, 10 equiv. of water (120 mmol, 2.16 mL) was added and the mixture was stirred for 2 h at room temperature. The
solvent was removed under vacuum and the residue was azeotrophed two times with toluene to give a pasty material
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which was purified using HPLC to obtain 4.57 g (77% yield) of (S)-2-[[1-(2-aminoethyl)cyclopentanecarbonyl]amino]-
3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid as an amorphous white solid. ES(+)-HRMS m/e calcd. for
Co4Hy7CILN3O4 (M+H)* 492.1452, obsd. 492.1451.

Step 11: Preparation of (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[[1-[2-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyr-
rol-1-yl)propionylamino]ethoxy]ethoxy]ethoxy]ethoxy] propionylamino]ethyllcyclopentanecarbonyllamino]propionic ac-
id; VLA-4 Ligand Reagent 1):

[0105]
Cl
H
N
cl O
° HN On
~NNATTNIN TN AN

[0106] To a solution of (S)-2-[1-(2-aminoethyl)cyclopentanecarbonyllamino]3-[4-(2,6-dichlorobenzoylamino)phe-
nyllpropionic acid (191.5 mg, 0.39 mmol) and 3-[2-[2-[2-[[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)-propionylami-
nol-ethoxy]ethoxylethoxy]ethoxy]propionic acid-2,5-dioxo-pyrrolidin-1-yl ester (200 mg, 0.39 mmol) in DMSO (2 mL)
was added an excess of DIPEA(151 mg, 203 uL, 1.17 mmol) at room temperature under nitrogen atmosphere. The
resulting light yellow solution was stirred for 1 h at which time LCMS analysis indicated the absence of starting material.
Then, the excess DIPEA was removed under vacuum and the desired product was isolated by purification using an
HPLC method to obtain 90 mg (26% yield) of (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[[1-[2-[3-[2-[2-[2-[2-[3-(2,5-
dioxo-2,5-dihydropyrrol-1-yl)propionylamino]ethoxy]ethoxy]ethoxylethoxy]  propionylamino]ethyl]cyclopentanecarbo-
nyllamino]propionic acid as a white solid. ES(+)-HRMS m/e calcd. for C4,H55CI,N5O0 4, (M+H)*890.3141, obsd. 890.3140.

Example 2

Preparation of (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydro-
pyrrol-1-yl)propionylamino]-ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]propionylamino] ethyl] cy-
clopentyl] ¢ arbonyllamino]propionic acid; VLA-4 Ligand Reagent 2:

[0107]
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[0108] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from
(8)-2-[[1-(2-aminoethyl)cyclopentanecarbonyllamino]-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid (607 mg,
1.0 mmol), 3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)propionylami-
nol-ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxylethoxy]propionic acid-2,5-dioxo-pyrrolidin-1-yl ester (689 mg,
1.0 mmol), and DIPEA(388 mg, 522 uL, 3.0 mmol), and after HPLC puirification, resulted in a light yellow solid (788 mg,
74%). ES(+)-HRMS m/e calcd. for C5qHggCloN5O 46 (M+H)* 1066.4189, obsd. 1066.4182.

Example 3
Preparation of (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-

dihydropyrrol-1-yl)propionylamino]-ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]
ethoxy] ethoxy]propi onylamino]ethyl]cyclopentanecarbonyl]Jamino]propionic acid; VLA-4 Ligand Reagent 3:

[0109]
Cl
H
N
Cl (e}
HN OH
H
(e} (e} N
O/\/O\/\O/\/O\/\O/\/ N~ \/\“/ o 0

\ 0 0
(@) H N )

[0110] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from
(8)-2-[[1-(2-aminoethyl)cyclopentanecarbonyllamino]-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid (100 mg,
0.2 mmol), 3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)propionylamino]-ethoxy] ethoxy]
ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]propi onic acid-2,5-dioxo-pyrrolidin-1-yl
ester (176 mg, 0.2 mmol), and DIPEA (258 mg, 191 uL, 2.0 mmol), and after HPLC purification, resulted in a white solid
(28 mg, 11%). ES(+)-HRMS m/e calcd. for CggHgsCloN5O5q (M+H)* 1242.5238, obsd. 1242.5248.
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Example 4

Preparation of (S)-2-[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-(2-acetylsulfanyl-ethoxy)ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]
ethoxy]propionylamino] -ethyl] - cyclopentanecarbonyl]-amino]-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid;
VLA-4Ligand Reagent 4:

[0111]
Cl
H
N
Cl O
HN OH
H
O/\/O\/\O/\/O\/\O/\/O\/\”/N o )
O
O\/\O/\/S\n/
O

[0112] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from
(8)-2-[[1-(2-aminoethyl)cyclopentanecarbonyl]lamino]-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid (194 mg,
0.32 mmol), 3-[2-[2-[2-[2-[2-[2-[2-(2-acetylsulfanyl-ethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]propionic
acid-2,5-dioxo-pyrrolidin-1-yl ester (190 mg, 0.32 mmol), and DIPEA (124 mg, 167 uL, 0.96 mmol), and after HPLC
purification, resulted in a yellow viscous oil (220 mg, 70%). ES(+)-HRMS m/e calcd. for C45Hg5CILN3O044S (M+H)*
974.3637, obsd. 974.3631.

Example 5
(S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-
yl)propionylamino]ethoxy]ethoxy]ethoxy]ethoxy] propionylamino]propoxy]benzoylamino]propionic acid; VLA-

4 Ligand Reagent 5:

[0113]

Cl

Cl O

OH
Cl  HN

o) (0] (0]
@/\)LH/\/O\/\O/\/O\/\O/\)LH/\/\O cl
o)

O
o
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Step 1: Preparation of (3,5-dichlorophenoxy)-triisopropylsilane

[0114]

B

[0115] To a mixture of 3,5-dichlorophenol (16.3 g, 100 mmol), imidazole (14.98 g, 220 mmol), and triisopropylchlo-
rosilane (21.21 g, 110 mmol) was added DMF (200 mL) at room temperature. The resulting brown solution was stirred
for 15 h and then it was diluted with water (500 mL). The organic compound was extracted into ethyl acetate (2 x 100
mL) and the combined organic layer was washed with brine solution and dried over anhydrous MgSO,. Filtration and
concentration gave the crude residue which was purified using an ISCO (400 g) column chromatography to obtain 31.1
g (97%) of (3,5-dichlorophenoxy)-triisopropylsilane as a colorless oil. El(+)-HRMS m/e calcd. for C45H54Cl,0Si (M)*
318.0973, obsd. 318.0971.

Step 2: Preparation of 2,6-dichloro-4-triisopropylsilanyloxy-benzoic acid:

[0116]

hd OH
){) Cl

[0117] To a THF (110 mL) solution were added a solution of n-butyllithium (28 mL, 70 mmol, 2.5M) in hexanes and
tetramethylethylenediamine (8.42 g, 10.94 mL, 72.45 mmol) at -78 °C. The resulting light yellow solution was stirred for
30 minutes at this temperature and then a solution of (3,5-dichlorophenoxy)-triisopropylsilane (15.97 g, 50 mmol) in THF
(20 mL) was added drop-wise for 30 minutes. The resulting light yellow solution was stirred for 3 h and then carbon
dioxide gas was bubbled through the reaction mixture. During CO, bubbling, the color of the reaction mixture changed
from a brown to light yellow solution within 10 minutes and the bubbling was continued for 1 h at -75 and then allowed
to warm to room temperature in 30 minutes with continuous CO, bubbling. Then, it was poured into 1N HCI and the
organic compound was extracted into dichloromethane (2 x 150 mL). The combined organic layer was washed with
brine solution and dried over anhydrous MgSQ,. Filtration and concentration gave the crude residue which was purified
using an ISCO (400 g) column chromatography to obtain 7.02 g (39%) of 2,6-dichloro-4-triisopropylsilanyloxy-benzoic
acid as a white solid. ES(+)-HRMS m/e calcd. for C4gH54Cl,03Si (M+H)* 363.0945, obsd. 363.0944.

Step 3: Preparation of (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-(2,6-dichloro-4-triisopropylsilanyloxy-benzoylami-
no)propionic acid methyl ester:

[0118]
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[0119] To a solution of 2,6-dichloro-4-triisopropylsilanyloxy-benzoic acid (3.63 g, 10 mmol) in toluene (50 mL) was
added an excess of thionyl chloride (11.89 g, 7.2 mL, 100 mmol) at room temperature. The resulting colorless solution
was heated to reflux for 5 h and then it was cooled to room temperature and the solvent and excess thionyl chloride was
removed under vacuum. The resulting residue was azeotrophed one time with toluene. Then, the above 2,6-dichloro-
4-triisopropylsilanyloxy-benzoic acid chloride was dissolved in dichloromethane (50 mL) and the solid (S)-2-amino-
3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid methyl ester hydrochloride salt (4.1 g, 10 mmol) and DIPEA (3.87
g, 5.26 mL, 30 mmol) were added at room temperature. The resulting solution was stirred for 15 h at room temperature
and water was added (~200 mL) to the reaction mixture. Then, the organic compound was extracted into dichloromethane
(2 x 150 mL). The combined organic layer was washed with brine solution and dried over anhydrous MgSQ,. Filtration
and concentration gave the crude residue which was purified using an ISCO (120 g) column chromatography to obtain
6.48 g (95%) of (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-(2,6-dichloro-4-triisopropylsilanyloxy-benzoylamino)pro-
pionic acid methyl ester as a white solid. ES(+)-HRMS m/e calcd. for C33H35Cl4(N,O5Si (M+H)* 711.1377, obsd.
711.1377.

Step 4: Preparation of (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-(2,6-dichloro-4-hydroxy-benzoylamino)propionic
acid methyl ester:

[0120]
Cl
H
N
Cl O
0
Cl HN ~
O
0
HO Cl

[0121] To a solution of (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-(2,6-dichloro-4-triisopropylsilanyloxy-ben-
zoylamino)propionic acid methyl ester (6.76 g, 9.48 mmol) in THF (150 mL) was added a solution of TBAF (14.22 mL,
14.22 mmol, 1M) in THF at 0 °C. The resulting solution was slowly warmed to room temperature and stirred for 15 h.
Then, the reaction mixture was diluted with water and the organic compound was extracted into ethyl acetate (2 x 150
mL). The combined organic layer was washed with brine solution and dried over anhydrous MgSO,. Filtration and
concentration gave the crude residue which was dissolved in ethyl acetate in hot conditions and then diluted with hexanes.
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The resulting solids were collected by filtration and washed with hexanes. After drying in air, 5.23 g (99%) of (S)-3-[4-(2,6-
dichlorobenzoylamino)phenyl]-2-(2,6-dichloro-4-hydroxy-benzoylamino)propionic acid methyl ester was obtained as a

white solid. ES(+)-HRMS my/e calcd. for CoyH15ClyN,O5 (M-H)" 552.9897, obsd. 552.9897.

Step 5: Preparation of (S)-2-[4-(3-tert-butoxycarbonylaminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(2,6-dichloroben-
zoylamino)phenyl]propionic acid methyl ester:

[0122]

Cl

ZT

Ccl O

0
Cl HN ~

>|\ O @)
AL

[0123] To a mixture of (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-(2,6-dichloro-4-hydroxy-benzoylamino)propionic
acid methyl ester (5.05 g, 9.07 mmol), 3-tert-butoxycarbonylaminopropyl bromide (2.59 g, 10.89 mmol), and potassium
carbonate (3.77 g, 27.29 mmol) were added DMF (66 mL) and acetone (132 mL) at room temperature. Then, the resulting
suspension was heated to reflux for 15 h at which time TLC analysis indicated the absence of starting material. Then,
the reaction mixture was cooled to room temperature and diluted with water and the organic compound was extracted
into ethyl acetate (2 x 150 mL). The combined organic layer was washed with brine solution and dried over anhydrous
MgSO,. Filtration and concentration gave the crude residue which was purified by ISCO (150 g) column chromatography
to obtain 5.75 g (89%) of (S)-2-[4-(3-tert-butoxycarbonylaminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(2,6-dichlo-
robenzoylamino)phenyl]propionic acid methyl ester as a white solid. ES(+)-HRMS m/e calcd. for C3,H33Cl4N3;O; (M+Na)*
734.0965, obsd. 734.0961.

Step 6: Preparation of (S)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(2,6-dichlorobenzoylamino)phe-
nyl]propionic acid methyl ester:

[0124]
Cl
H
N
Cl O
0
Cl HN ~
O
o F 0o
-
O F  HN >0 cl
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[0125] To a solution of (S)-2-[4-(3-tert-butoxycarbonylaminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(2,6-dichlo-
robenzoylamino)phenyl]propionic acid methyl ester (7.5 g, 7.98 mmol) in dichloromethane (100 mL) was added an
excess of TFA (9.12 g, 5.9 mL, 80 mmol) at room temperature. The resulting solution was stirred for 15 h. Then, the
solvent was removed under vacuum and the residue was azeotrophed one time with toluene. After drying under high
vacuum, 5.8 g (99%) of (S)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(2,6-dichlorobenzoylamino)phe-
nyllpropionic acid methyl ester was obtained as a white solid. ES(+)-HRMS m/e calcd. for C,;H,5CI4N;O5 (M+H)*
612.0621, obsd. 612.0619.

Step 7: Preparation of (S)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(2,6-dichlorobenzoylamino)phe-
nyl]propionic acid; VLA-4 Ligand 2:

[0126]

Cl

ZT

Ccl O

OH
Cl HN

F
O F  HN >0 cl

[0127] To a solution of (S)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(2,6-dichlorobenzoylamino)phe-
nyl]propionic acid methyl ester (5.8 g, 7.98 mmol,) in THF (200 mL) was added a solution of lithium hydroxide (2.4 g,
100 mmol) in water (30 mL) at room temperature. The mixture was stirred for 15 h at room temperature at which time
TLC analysis of the mixture indicated the absence of starting material. Then, the solvent was removed by rotary evap-
oration and the residue was purified by an HPLC method to obtain 3.7 g (65% yield) of (S)-2-[4-(3-aminopropoxy)-2,6-
dichlorobenzoylamino]-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid as a white solid. ES(+)-HRMS m/e calcd.
for CogHo3Cl4N3O5 (M+H)* 598.0465, obsd. 598.0465.

Step 8: Preparation of (S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-
dihydropyrrol-1-yl)propionylamino]ethoxy]ethoxylethoxy]ethoxy] propionylamino]propoxylbenzoylamino]propionic acid;

VLA-4 Ligand Reagent 5:

[0128]

Cl

Cl O

OH
Cl  HN

O o

o) (0]
@/\)LH/\/O\/\O/\/O\/\O/\)LH/\/\O cl
o)

[0129] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from

61



10

15

20

25

30

35

40

45

50

55

EP 2 806 898 B1

(8)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid (214 mg,
0.3 mmol), 3-[2-[2-[2-[[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)-propionylamino]-ethoxy]ethoxy]ethoxylethoxy]propionic ac-
id-2,5-dioxo-pyrrolidin-1-yl ester (154 mg, 0.3 mmol), and DIPEA(388 mg, 522 uL, 3.0 mmol), and after HPLC purification,
resulted in a white solid (52 mg, 17%). ES(+)-HRMS m/e calcd. for C44H49CI4N5O 3 (M+Na)* 1018.1973, obsd.
1018.1965.

Example 6
(S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihy-

dropyrrol-1-yl)propionylamino]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]propionyla mi-
no]propoxy]benzoylamino]propionic acid; VLA-4 Ligand Reagent 6:

[0130]
Cl
H
N
Cl 0]
OH
Cl HN
O @] ©
O @] /\)J\
o ~ TN ~ o Fj/’“\\\//’”\\c) c

0o @]
0]

[0131] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from
(8)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid (107 mg,
0.15 mmol), 3-[2-[2-[2-[2-[2-[2-[2-[[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)-propionylami-
nolethoxy]ethoxy]ethoxylethoxylethoxy]ethoxylethoxylethoxy]propionic acid-2,5-dioxo-pyrrolidin-1-yl ester (100 mg,
0.145 mmol), and DIPEA (194 mg, 261 uL, 1.5 mmol), and after HPLC purification, resulted in a white solid (50 mg,
28%). ES(+)-HRMS m/e calcd. for C5oHggCl4N5O47 (M+Na)* 1194.3022, obsd. 1194.3028.

Example 7
(S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-di-
oxo-2,5-dihydropyrrol-1-yl)propionylamino]
ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxylethoxy]p ropionylami-
no]propoxy]benzoylamino]propionic acid; VLA-4 Ligand Reagent 7:

[0132]
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[0133] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from
(8)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid (143 mg,
0.2 mmol), 3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)propionylamino] ethoxy] ethoxy] ethoxy]
ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] e thoxy]ethoxy]propionic acid-2,5-dioxo-pyrrolidin-1-yl ester (173
mg, 0.2 mmol), and DIPEA (258 mg, 348 uL, 2.0 mmol), and after HPLC purification, resulted in a white solid (45 mg,
16.6%). ES(+)-HRMS m/e calcd. for C4yHgCI4N5O,4 (M+Na)* 1370.4070, obsd. 1370.4066.

Example 8
(S)-2-[1-[4-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylamino]ethoxy]ethoxy]ethoxy]ethoxy]pro-

pionylamino]butyl]cyclopentanecarbo nyl] amino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-
5-yl)phenyl]propionic acid; VLA-4 Ligand Reagent 8:

[0134]
|
oqj/,N 0
NA
0 OH
/ HN
N\\//”\TT/H\\//\\ A //\\J/O\\//A\WT/“ O
0 0 0
O o) O

Step 1: Preparation of 1-(4-bromobutyl)cyclopentanecarboxylic acid methyl ester:

[0135]
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[0136] The title compound was prepared using a similar procedure as described in Example 1, Step 1, starting from
diisopropylamine (21 mL, 150 mmol), n-butyllithium (58 mL, 145 mmol), cyclopentanecarboxylic acid methyl ester (13.1
g, 100 mmol), and 1,4-dibromobutane (21.59 g, 100 mmol), and after distillation, resulted in a colorless oil (12.8 g, 48%).
ES(+)-HRMS m/e calcd. for C41H9BrO, (M+H)* 262.0568, obsd. 262.0565.

Step 2: Preparation of 1-[4-azidobutyl]cyclopentanecarboxylic acid methyl ester:

[0137]
N< +
\\N\\ 0
N S

[0138] The title compound was prepared using a similar procedure as described in Example 1, Step 2, starting from
1-[4-bromobutyl]cyclopentanecarboxylic acid methyl ester and sodium azide.

Step 3: Preparation of 1-[4-azidobutyl]cyclopentanecarboxylic acid:

[0139]

OH

[0140] The title compound was prepared using a similar procedure as described in Example 1, Step 3, starting from
1-[4-azidobutyl]cyclopentanecarboxylic acid methyl ester and lithium hydroxide.

Step 4: Preparation of (S)-2-tert-butoxycarbonylamino-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yl)phenyl]propionic acid methyl ester:

[0141]
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[0142] To a suspension of zinc dust (52.29 g, 800 mmol) in THF (26.0 mL) was added 1,2-dibromoethane (4.58 mL,
53.2 mmol) at room temperature. This suspension was heated to 60-65 °C with a heat gun until evolution of ethylene
gas ceased (observed). The suspension was cooled to room temperature, trimethylchlorosilane (3.38 mL, 26.6 mmol)
was added and the mixture was stirred for 15 min. A suspension of 5-iodo-1,3,6-trimethyl uracil (74.6 g, 266 mmol) in
DMA (225 mL) was warmed to obtain a clear solution and was added in one portion to the reaction mixture. After addition,
the mixture was heated to 70 °C. The internal temperature of the reaction mixture rose to 80-85 °C due to the exothermic
reaction. The reaction mixture was stirred at 70 °C for 3-4 h at which time TLC of an aliquot which had been quenched
with saturated ammonium chloride indicated the absence of starting material. The reaction mixture was diluted with THF
(140 mL), was cooled to room temperature and the excess zinc dust was allowed to settle over 2-3 h.

[0143] This solution containing the zinc compound (266 mmol) was added to a solution of Pd(dba), (4.6 g, 8 mmol),
tri-o-tolylphosphine [P(Tol)5] (9.0 g, 29.6 mmol) and (S)-2-tert-butoxycarbonylamino-3-(4-iodo)phenyl]propionic acid me-
thyl ester (75.56 g, 186 mmol) in THF (280 mL) at room temperature and the light yellow mixture was stirred for 48 h at
50-55 °C. The reaction mixture was poured into a saturated ammonium chloride solution and was extracted with ethyl
acetate (3x 750 mL). The combined extracts were washed with brine solution (1.5 L) and dried over anhydrous magnesium
sulfate. Filtration of the drying agent and concentration gave the crude product, which was purified by silica gel column
chromatography using a Biotage (75m) column to obtain 57.88 g (72% yield) of (S)-2-tert-butoxycarbonylamino-
3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid methyl ester as an amorphous
white solid. EI-HRMS m/e calcd for C5,H59N3Og (M*) 431.2056, found 431.2054.

Step 5: Preparation of (S)-2-amino-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic ac-
id methyl ester hydrochloride salt:

[0144]

Cl N ~
o)

[0145] A portion of the solid (S)-2-tert-butoxycarbonylamino-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimi-
din-5-yl)phenyl]propionic acid methyl ester (7.4 g, 17.15 mmol) obtained above was treated with 4N hydrochloric acid
in dioxane (17 mL, 68 mmol,) at room temperature and the solution was stirred for 1 h as a white precipitate formed.
The mixture was diluted with diethyl ether and the supernatant was decanted and the residue was dried first on the
rotary evaporator and then under high vacuum to afford 6.28 g (99% yield) of (S)-2-amino-3-[4-(1,3,6-trimethyl-2,4-dioxo-
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1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid methyl ester hydrochloride salt as an amorphous yellow solid.
FAB-HRMS m/e calcd for C47H54N3O4 (M+H) 332.1610, found 332.1617.

Step 6: Preparation of (S)-2-[[1-(4-azidobutyl)cyclopentanecarbonyl]lamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tet-
rahydropyrimidin-5-yl)phenyl]propionic acid propyl ester:

[0146]

) 0
Ny HN ~N
0

[0147] The title compound was prepared using a similar procedure as described in Example 1, Step 8, starting from
(8)-2-amino-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid propyl ester (10.78 g,
30 mmol), 1-[4-azidobutyl]cyclopentanecarboxylic acid (8.24 g, 39 mmol), HBTU (14.79 g, 39 mmol), and DIPEA(11.63
g, 15.68 mL, 90 mmol), and after ISCO column chromatography purification, resulted in an amorphous off-white solid
(14.1 g, 85%). ES(+)-HRMS m/e calcd. for Co9H,oNgO5 (M+H)* 553.3133, obsd. 553.3133.

Step 7: Preparation of (S)-2-[[1-(4-azidobutyl)cyclopentanecarbonyl]lamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tet-
rahydropyrimidin-5-yl)phenyl]propionic acid:

[0148]

- OH
N, + HN
AN
N O
O

[0149] The title compound was prepared using a similar procedure as described in Example 1, Step 9, starting from
(S)-2-[[1-(4-azidobutyl)cyclopentanecarbonyl]Jamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yl)phenyl]propionic acid propyl ester (4.1 g, 7.42 mmol) and NaOH (35 mL, 35 mmol, 1M) which resulted in a white solid
(3.75 g, 99%). ES(+)-HRMS m/e calcd. for CogH34NgO5 (M+H)* 511.2664, obsd. 511.2664.
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Step 8: Preparation of (S)-2-[[1-(4-aminobutyl)cyclopentanecarbonyl]lamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tet-
rahydropyrimidin-5-yl)phenyl]propionic acid; VLA-4 Ligand 3:

[0150]

OH
HN

H,N o)

[0151] The title compound was prepared using a similar procedure as described in Example 1, Step 10, starting from
(8)-2-[[1-(4-azidobutyl)cyclopentanecarbonyllamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yl)phenyl]propionic acid (1.02 g, 2 mmol) and trimethylphosphine (8 mL, 8 mmol, 1M) to obtain a white solid (0.96 g,
99%). ES(+)-HRMS m/e calcd. for CogHa5N,O5 (M+H)* 485.2759, obsd. 485.2757.

Step 9: Preparation (S)-2-[[1-[4-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylami-
nolethoxy]ethoxy]ethoxylethoxy]propionylamino]butyl]cyclopentanecarbonyl]a mino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid; VLA-4 Ligand Reagent 8:

[0152]
|
oqj/,N 0
NA
0 OH
/ HN
N\\//”\TT/H\\//\\ A //\\J/O\\//A\WT/“ O
0 0 0
& o} o}

[0153] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from
(8)-2-[[1-(4-aminobutyl)cyclopentanecarbonyllamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yl)phenyl]propionic acid (300 mg, 0.62 mmol), 3-[2-[2-[2-[[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)-propionylami-
nol-ethoxy]ethoxylethoxy]ethoxy]propionic acid-2,5-dioxo-pyrrolidin-1-yl ester (318 mg, 0.62 mmol), and DIPEA (160
mg, 215 uL, 1.24 mmol), and after HPLC puirification, resulted in a light yellow solid (274 mg, 50%). ES(+)-HRMS m/e
caled. for C44HgoNgO 43 (M+H)* 883.4448, obsd. 883.4449.
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Example 9
(S)-2-[2,6-Dichloro-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylami-
nolethoxy]ethoxy]ethoxy]ethoxy]propionylamino]propoxy]benzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid; VLA-4 Ligand Reagent 9:

[0154]

|
OxN.__0
Y

AN F

OH
Cl HN

O o)

0 O
N/\)J\N/\/O\/\O/\/O\/\O/\)J\N/\/\O o
\ H H
(e}

Step 1: Preparation of (S)-2-(2,6-dichloro-4-triisopropylsilanyloxy-benzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid propyl ester

[0155]

[0156] The title compound was prepared using a similar procedure as described in Example 1, Step 8, starting from
(8)-2-amino-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid propyl ester (3.95 g,
11 mmol), 2,6-dichloro-4-triisopropylsilanyloxy-benzoic acid (3.63 g, 10 mmol), HBTU (5.42 g, 14.3 mmol), and DIPEA
(4.26 g, 5.75 mL, 33.0 mmol), and after ISCO column chromatography purification, resulted in an amorphous white solid
(1.7 g, 24%). ES(+)-HRMS m/e calcd. for C55H,7CI,N3O6Si (M+H)* 704.2684, obsd. 704.2683.

Step 2: Preparation of (S)-2-(2,6-dichloro-4-hydroxy-benzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydro-
pyrimidin-5-yl)phenyl]propionic acid propyl ester:

[0157]
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Cl HN ~N

HO Cl

[0158] The title compound was prepared using a similar procedure as described in Example 5, Step 4, starting from
(8)-2-(2,6-dichloro-4-triisopropylsilanyloxy-benzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-
5-yl)phenyl]propionic acid propyl ester (1.66 g, 2.35 mmol) and TBAF (3.5 mL, 3.5 mmol, 1M), and after ISCO column
chromatography purification, resulted in a white solid (884 mg, 69%). ES(+)-LRMS m/e calcd. for CogH57CloN3;Og (M+H)*
548, obsd. 548.

Step 3: Preparation of (S)-2-[4-(3-tert-butoxycarbonylaminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(1,3,6-trimethyl-
2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid propyl ester:

[0159]

0
Cl HN ~N
//L::: (@)
0 0
o)\m/\/\o cl

[0160] The title compound was prepared using a similar procedure as described in Example 5, Step 5, starting from
(8)-2-(2,6-dichloro-4-hydroxy-benzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phe-
nyl]propionic acid propyl ester (658 mg, 1.07 mmol), 3-tert-butoxycarbonylaminopropyl bromide (306 mg, 1.28 mmol),
and potassium carbonate (445 mg, 3.22 mmol), and after ISCO column chromatography purification, resulted in a white
solid (654 mg, 87%). ES(+)-HRMS m/e calcd. for C34H,4,CI;N4Og (M+H)* 705.2453, obsd. 705.2451.

Step 4: Preparation of (S)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tet-
rahydropyrimidin-5-yl)phenyl]propionic acid propyl ester trifluoroacetate salt:

[0161]



10

15

20

25

30

35

40

45

50

55

EP 2 806 898 B1

|
Ox N0
Y

AN A
O\/\
Cl HN
o F o)
N |,F 0
o
PN 0 cl

[0162] The title compound was prepared using a similar procedure as described in Example 5, Step 6, starting from
(8)-2-[4-(3-tert-butoxycarbonylaminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tet-
rahydropyrimidin-5-yl)phenyl]propionic acid propyl ester (781 mg, 1.1 mmol) and TFA (1.14 g, 742 uL, 10 mmol), resulting
in a hygroscopic white solid (790 mg, 99%). ES(+)-HRMS m/e calcd. for CygH34CIoN4Og (M+H)* 605.1928, obsd.
605.1929.

Step 5: Preparation of (S)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tet-
rahydropyrimidin-5-yl)phenyl]propionic acid trifluoro acetate salt:

[0163]

OH
I HN
o F o)
N ‘_F 0
0
PN 0 cl

[0164] The title compound was prepared using a similar procedure as described in Example 5, Step 7, starting from
(8)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yl)phenyl]propionic acid propyl ester (852 mg, 1.1 mmol) and LiOH (53 mg, 2.2 mmol), resulting in an amorphous white
solid (740 mg, 99%). ES(+)-HRMS m/e calcd. for Co6Ho5CIoN4Og (M+H)* 563.1459, obsd. 563.1455.

Step 6: Preparation of (S)-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylami-
nolethoxy]ethoxy]ethoxylethoxy]propionylamino]propoxy]benzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tet-
rahydropyrimidin-5-yl)phenyl]propionic acid; VLA-4 Ligand Reagent 9:

[0165]
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[0166] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from
(8)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yl)phenyl]propionic acid trifluoroacetate salt (203 mg, 0.3 mmol), 3-[2-[2-[2-[[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)-propi-
onylamino]-ethoxy]ethoxy]ethoxy]ethoxy]propionic acid-2,5-dioxo-pyrrolidin-1-yl ester (154 mg, 0.3 mmol), and
DIPEA(194 mg, 261 uL, 1.5 mmol), and after HPLC purification, resulted in an amorphous white solid (175 mg, 61%).
ES(+)-HRMS m/e calcd. for C44Hg4CloNgO4,4 (M+H)* 961.3148, obsd. 961.3156.

Example 10

Preparation of (S)-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylamino]
ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]propionylamino ]Jpropoxy]benzoylamino]-3-[4-(1,3,6-tri-
methyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid; VLA-4 Ligand Reagent 10:

[0167]

|
O N0
Y

AN A

OH

)
)

Cl HN
()‘/’\\\,/’()\\~//’”\\()"’\\\v//()\\~//’”\\()/"\\\,//lL\rq/’”\\V//’"\\c) G
H
o o)
H /
O

[0168] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from
(8)-2-[4-(3-aminopropoxy)-2,6-dichlorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-

yl)phenyl]propionic acid trifluoroacetate salt (98 mg, 0.145 mmol), 3-[2-[2-[2-[2-[2-[2-[2-[[3-(2,5-diox0-2,5-dihydro-pyrrol-
1-yl)-propionylamino]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxy]propionic acid-2,5-dioxo-pyrrolidin-1-yl
ester (100 mg, 0.145 mmol), and DIPEA (187 mg, 252 uL, 1.45 mmol), and after HPLC purification, resulted in a
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hygroscopic white solid (88 mg, 53%). ES(+)-HRMS m/e calcd. for C5,H;4Cl,NgO g (M+H)* 1137.4197, obsd. 1137.4196.
Example 11
(S)-2-[4-[(3-[2-[2-[2-[2-[3-(2,5-Dioxo0-2,5-dihydropyrrol-1-yl)propionylamino]ethoxy]ethoxy]ethoxy]ethoxy]pro-
pionylamino)methyl]-2,6-difluorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo0-1,2,3,4-tetrahydropyrimidin-5-
yl)phenyl]propionic acid trifluoracetate salt; VLA-4 Ligand Reagent 11:

[0169]

OH

0
N~ NN NN TN F
) \\//“\!I/ \»//“\Tr/

0]

Step 1: Preparation of (S)-2-(4-bromo-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyri-
midin-5-yl)phenyl]propionic acid propyl ester:

[0170]

Br F

[0171] The title compound was prepared using a similar procedure as described in Example 1, Step 8, starting from
(8)-2-amino-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid propyl ester (4.67 g,
13 mmol), 4-bromo-2,6-difluorobenzoic acid (3.12 g, 13.16 mmol), HBTU (4.99 g, 13.16 mmol), and DIPEA (6.8 mL, 39
mmol), and after ISCO column chromatography purification, resulted in an amorphous off-white solid (6.71 g, 89%). ES-
HRMS m/e calcd for CogHo6BrFoN3;O5 (M+H)* 578.1097, found 578.1096.
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Step 2: Preparation of (S)-2-(4-cyano-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyri-
midin-5-yl)phenyl]propionic acid propyl ester:

[0172]

N

[0173] To a suspension of (S)-2-(4-bromo-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahy-
dropyrimidin-5-yl)phenyl]propionic acid propyl ester (5.78 g, 10 mmol), zinc cyanide (940 mg, 8 mmol), and tetrakis(triphe-
nylphosphine)palladium (1.16 g, 1 mmol) in DMF (40 mL, distilled and degassed) at room temperature. The resulting
solution was heated to 85 °C and stirred for 24 h at which time TLC analysis of the mixture indicated the absence of
starting material. Then, the reaction mixture was cooled to room temperature and it was poured into water (100 mL) to
afford a cloudy suspension. Then, the organic compound was extracted with ethyl acetate (2 x 100 mL). The combined
extracts were washed with brine solution (100 mL) and dried over anhydrous magnesium sulfate. Filtration of the drying
agent and concentration of the solvent gave the crude product which was purified using an ISCO (150 g) column
chromatography to afford 5.2 g (99% yield) of (S)-2-(4-cyano-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid propyl ester as an amorphous white solid. ES-HRMS m/e calcd
for Co7Ho6FoN4Og (M+H)* 525.1944, found 525.1942.

Step 3: Preparation of (S)-2-(4-aminomethyl-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahy-
dropyrimidin-5-yl)phenyl]propionic acid propyl ester:

[0174]

0
FHN NN
\/@ O
0
HN
2 F

[0175] To solution of sodium borohydride (0.29 g, 7.62 mmol, 2 eq.) in THF (5 ml) was added TFA (566 p.L, 7.62 mmol,
2 eq.), the reaction was stirred for 10 min., and then a solution of (S)-2-(4-cyano-2,6-difluoro-benzoylamino)-3-[4-(1,3,6-
trimethyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl)-phenyl]-propionic acid propyl ester (2.0 g, 3.81 mmol) in THF (6
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ml) was added drop wise (flask was rinsed w/ THF (2 x 1 ml) and added to reaction). The reaction was stirred at room
temperature under nitrogen for 1.3 h. The reaction mixture was cooled in an ice bath and quenched with water (20 ml)
and a sodium chloride solution (20 ml water, 100 ml saturated solution). The aqueous mixture was extracted with DCM
(2 x 200 ml), and then the organic layers were washed with brine, combined, and dried over magnesium sulfate, and
then concentrated to yield an off white solid, 1.77 g. The crude product was suspended in isopropyl acetate (75 ml) and
isopropyl alcohol (0.75 ml and TMSCI (1 ml) was added dropwise. The reaction was stirred at room temperature for 2
h and the white precipitate was filtered and washed with isopropyl acetate and hexanes to obtain 1.5 g (63% yield) of
(8)-2-(4-aminomethyl-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl) phe-
nyllpropionic acid propyl ester as an amorphous white solid. ES-HRMS m/e calcd for Co7H30F,N4O5 (M+H)* 529.2257,
found 529.2258.

Step 4: Preparation of (S)-2-(4-aminomethyl-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahy-
dropyrimidin-5-yl)phenyl]propionic acid trifluoroacetate salt; VLA-4 Ligand 4:

[0176]

OH

H,N
2 F

[0177] To a suspension of (S)-2-(4-aminomethyl-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)phenyl]propionic acid propyl ester (508 mg, 0.96 mmol) in THF (10 mL) was added a solution
of lithium hydroxide (240 mg, 10 mmol) in water (2 mL) at room temperature. The mixture was stirred for 15 h at which
time TLC analysis indicated the absence of starting material. Then, the THF was removed under reduced pressure and
the residue was diluted with water (100 mL) and the mixture was acidified with TFA. The crude product was purified by
HPLC to afford 450 mg (78% yield) of (S)-2-(4-aminomethyl-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid as a TFA salt as a white solid. ES-LRMS m/e calcd for
CosHo4FoN4O5 (M+H)* 487, found 487.

Step 5: Preparation of (S)-2-[4-[(3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylami-
nolethoxy]ethoxy]ethoxylethoxy]propionylamino)methyl]-2,6-difluorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid:

[0178]
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[0179] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from
(8)-2-(4-aminomethyl-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl) phe-
nyl]propionic acid TFA salt (120 mg, 0.2 mmol), 3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)-propionylami-
nolethoxy]ethoxy]ethoxylethoxy]propionic acid-2,5-dioxo-pyrrolidin-1-yl ester (103 mg, 0.2 mmol), and DIPEA (129 mg,
174 uL, 1.0 mmol), and after HPLC purification, resulted in a white solid (75 mg, 43%). ES(+)-HRMS m/e calcd. for
C4oHgsoFoNgO 13 (M+Na)* 907.3296, obsd. 907.3296.

Example 12

[0180] Preparation of (S)-2-[4-[(3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-Dioxo-2,5-dihydropyrrol-1-
yl)propionylamino]ethoxy]ethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]propionylamino )methyl]-2,6-difluoroben-
zoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid ftrifluoracetate salt;
VLA-4 Ligand Reagent 12:

0]
AN N OH
O F HN
o J@ﬁ O
C : °
O/\/O\/\O/\/O\/\O/\/O\/\H/N E
0]

[0181] The title compound was prepared using a similar procedure as described in Example 1, Step 11, starting from
(S)-2-(4-aminomethyl-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl) phe-
nyl]propionic acid TFA salt (121 mg, 0.2 mmol), 3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)-propio-
nylamino]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]propionic acid-2,5-dioxo-pyrrolidin-1-yl ester (100
mg, 0.145 mmol), and DIPEA (258 mg, 348 uL, 2.0 mmol), and after HPLC purification, resulted in a white solid (80 mg,
38%). ES(+)-HRMS m/e calcd. for C5oHggFoNgO 47 (M+H)* 1061.4526, obsd. 1061.4521.
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Example 13

Preparation of (S)-2-[4-[[3-[2-[2-[2-[2-[2-[2-[2-[2-acetylsulfanyl-ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]
ethoxy]propionylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-
5-yl)phenyl]propionic acid; VLA-4 Ligand Reagent 13:

[0182]

(\o/\/ S\ﬂ/ FHN of
0

o) o)

H
[:oz/“\\//o\\//“\Cy/*\\//O\\//”\Y)/”\\//O\\//A\TT/N F
)

[0183] The title compound was prepared using a similar procedure as described in Example 1, step 11, starting from
(8)-2-(4-aminomethyl-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl)phe-
nyl]propionic acid (64 mg, 0.11 mmol), 3-[2-[2-[2-[2-[2-[2- [2-[2-acetylsulfanyl-ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]
ethoxy] ethoxy] ethoxy] ethoxy]propionic acid-2,5 -dioxo-pyrrolidin-1-yl ester (64 mg, 0.11 mmol), and DIPEA (42 mg,
56 pL, 0.32 mmol), and after HPLC purification, resulted in a viscous oil (90 mg, 87%). ES(+)-LRMS m/e calcd. for
C45Hg,F,N,0 4584 (M+H)* 969, obsd 969.

Example 14

Preparation of (S)-2-[4-[[3-[3-[2-[2-[2-[2-[2-[2-[2-(2-acetylsulfanylethoxy)ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]
ethoxy]propionylamino]propi onyl]-[4-[(S)-1-carboxy-2-[4-[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yllphenyllethylcarbamoyl]-3,5-difluorobenzylamino]methyl]-2,6-difluorobenzylamino]-3-[4-[1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl]phenyl]propionic acid; VLA-4 Ligand Reagent 14:

[0184]

76



10

15

20

25

30

35

40

45

50

55

EP 2 806 898 B1

0O

@)
o o
@)
OH

N
F F
N
H H
o F F O
0 0
0 0
N
H

@)
O\/\O/\/O\) o
O/\/O\/\O/\/O\/\SJ\

=

O

Step 1: Preparation of (S)-2-[4-[[3,5-difluoro-4-[(S)-1-propoxycarbonyl-2-[4-[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahy-
dropyrimidin-5-yl]phenyl]ethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-[1,3,6-trimethyl-2,4-di-
oxo-1,2,3,4-tetrahydropyrimidin-5-ylJphenyl]propionic acid propyl ester:

[0185]
X it
\N N/ \N N/
= NS
@) @)
F F
N
H H
N
F F O

[0186] Toa 100 mL flask containing (S)-2-(4-cyano-2,6-difluorobenzoylamino)-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-
tetrahydro-pyrimidin-5-yl)phenyl]propionic acid propyl ester (524 mg, 1.0 mmol) dissolved in n-propanol (20 mL) purged
with nitrogen was added palladium on carbon (10%, 106 mg). The reaction was sealed, degassed with three exposures
to nitrogen and house vacuum, and then exposed to a balloon of hydrogen overnight. The reaction was diluted with EA,
degassed again, and exposed to hydrogen overnight. The reaction was filtered through celite, concentrated and purified
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by HPLC yielding the title compound (204 mg, 19%). ES(+)-LRMS m/e calcd. for C54Hs7F sN7O4 o (M+H)* 1041, obsd 1041.
Step 2: Preparation of (S)-2-[4-[[3,5-difluoro-4-[(S)-1-carboxy-2-[4-[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimi-

din-5-yllphenyl]ethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-[1 ,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl]phenyl]propionic acid:

[0187]

X X
\N N/ \N N/
Z N
0 0
F F
N
H H

N
F F O
0~ ~OH

[0188] To a 200 mL flask containing (S)-2-[4-[[3,5-difluoro-4-[(S)-1-propoxycarbonyl-2-[4-[1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl]phenyllethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-[1,3,6-tri-

methyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl]phenyl]propionic acid propyl ester (1004 mmg, 0.97 mmol) was added
THF (25 mL), water (25 mL) and LiOH (193 mg, 4.6 mmol) and the reaction stirred at room temperature overnight. The
reaction was concentrated, dried from acetonitrile yielding a white solid that was mixed with DMSO (13 mL) and water
(12 mL). This mixture was heated minimally, filtered and to the filtrate was added TFA (0.25 mL) resulting in a precipitate.
The precipitate was diluted with water (50 mL), filtered, washed with water and hexanes and dried on high vacuum
yielding the title compound as a white solid (696 mg, 75%). ES(+)-LRMS m/e calcd. for C4gHs5F4N;O 4o (M+H)* 956,
obsd 956.

Step 3: Preparation of (S)-2-[4-[[3,5-difluoro-4-[(S)-1-methoxycarbonyl-2-[4-[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahy-
dropyrimidin-5-yl]phenyl]ethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-[1,3,6-trimethyl-2,4-di-
oxo-1,2,3,4-tetrahydropyrimidin-5-yl]phenyl]propionic acid methyl ester:

[0189]

78



10

15

20

25

30

35

40

45

50

55

EP 2 806 898 B1

0 0
o J
_ ™
0 0
F F
N
H H

N
F F
0% o~

[0190] To a flask containing (S)-2-[4-[[3,5-difluoro-4-[(S)-1-carboxy-2-[4-[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydro-
pyrimidin-5-yl]phenyllethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-[1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl]phenyl]propionic acid (560 mg, 0.59 mmol) was added methanol (50 mL) and TMSCI
(398 mg, 460 mL, 3.66 mmol) and the reaction was stirred overnight. Reaction was diluted with EA (10 mL), DCM (140
mL) and was washed with aqueous NaHCO4 solution (water:saturated solution 50 mL:50 mL, 10 mL brine) and brine
(100 mL). The organic layer was dried over MgSQO,, filtered and concentrated yielding the title compound as a white
solid and used directly as is. ES(+)-LRMS m/e calcd. for CgyH,gF 4N;O4o (M+H)* 984, obsd 984.

Step 4: Preparation of (S)-2-[4-[[3-benzyloxycarbonylaminopropionyl]-3,5-difluoro-4-[(S)-1-methoxycarbonyl-
2-[4-[[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-ylJphenyl]ethylcarbamoyl]benzylamino]methyl]-2,6-dif-
luorobenzoylamino]-3-[4-((1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl)phenylpropionic acid methyl es-
ter:

[0191]
big I
_ A
0 0
F F
N
H
N
F 0
0% o~

[0192] To a flask containing CBZ-beta alanine (123 mg, 0.55 mmol) and DCM (1 mL) was added drop wise oxalyl
chloride (710 mg, 0.488 mL, 5.5 mmol) dissolved in DCM (5 mL). The reaction was stirred at room temperature for 2.5
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h and then concentrated to a solid. The solid was resuspended in DCM (1 mL) and added drop-to-portion-wise to a
solution of (S)-2-[4-[[3,5-difluoro-4-[(S)-1-methoxycarbonyl-2-[4-[1,3,6-trimethyl-2,4-dioxo0-1,2,3,4-tetrahydropyrimidin-
5-yllphenyl]ethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tet-
rahydropyrimidin-5-yl]Jphenyl]propionic acid methyl ester (0.59 mmol) in DMF (5 mL) and DIPEA (131 mg, 0.178 mL, 1.0
mmol) with additional rinsing of DCM (2 x 0.4 mL) and the reaction was stirred at room temperature over the weekend.
The reaction was diluted with EA (200 mL), washed with aqueous NaHCO, (water:saturated solution 100 ml:100 mL)
and brine (100 mL), dried over MgSQ,, filtered, concentrated, and purified by flash chromatography with increasing
concentrations of a 10% MeOH/DCM in DCM up to 30%. The title compound was isolated as a white solid (400 mg,
67%). ES(+)-LRMS m/e calcd. for CgqHgoF4NgO 13 (M+H)* 1189, obsd 1189.

Step 5: Preparation of (S)-2-[4-[[3-benzyloxycarbonylaminopropionyl]-3,5-difluoro-4-[(S)-1-carboxy-2-[4-[[1,3,6-trime-
thyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl]phenyl]ethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylami-
nol-3-[4-((1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl)phenylpropionic acid:

[0193]
g x
\N N/ \N N/
= NS
O O
F F
N
H H

i, N N
O F F O
HO @) O OH
x>
O N
H

[0194] The title compound was prepared using a similar procedure as described in Example 5, Step 7, starting from
(S)-2-[4-[[3-benzyloxycarbonylaminopropionyl]-3,5-difluoro-4-[(S)-1-methoxycarbonyl-2-[4-[[1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydro-pyrimidin-5-yllphenyl]ethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-((1,3,6-
trimethyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl)phenylpropionic acid methyl ester (380 mg, 0.32 mmol), THF (8
mL), water (8 mL), LiOH (51 mg, 1.21 mmol), and 1N HCI, and after precipitation, dissolution, and concentration, resulted
in a white solid (325 mg). ES(+)-LRMS m/e calcd. for C5gHggF4NgO 5 (M+H)* 1161, obsd 1161.

Step 6: Preparation of (S)-2-[4-[[3-aminopropionyl]-3,5-difluoro-4-[(S)-1-carboxy-2-[4-[[1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydro-pyrimidin-5-yllphenyl]ethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-((1,3,6-
trimethyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl)phenylpropionic acid; VLA-4 Ligand 6:

[0195]
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[0196] The title compound was prepared using a similar procedure as described in Example 14, Step 1, starting from
(S)-2-[4-[[3-benzyloxycarbonylaminopropionyl]-3,5-difluoro-4-[(S)-1-carboxy-2-[4-[[1,3,6-trimethyl-2,4-diox0-1,2,3,4-
tetrahydro-pyrimidin-5-yl]phenyllethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-((1,3,6-trimethyl-
2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl)phenylpropionic acid (313 mg, 0.27 mmol), palladium on carbon (10 %), and
hydrogen at 1 atmosphere pressure. The title compound was obtained, after four exposures (3 x 65 mg, 0.061 mmol,
room temperature 3 h, 4 h, 18 h; and 205 mg, 0.19 mmol, 40 °C 4.5 h) and filtration, as an off-white solid (79 mg, 28%).
ES(+)-LRMS m/e calcd. for Cg4H5oF4sNgO44 (M+H)* 1027, obsd 1027.

Step 7: Preparation of (S)-2-[4-[[3-[3-[2-[2-[2-[2-[2-[2-[2-(2-acetylsulfanylethaoxy)ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]
ethoxy] ethoxy]propionylamino]pro pionyl]-[4-[(S)-1-carboxy-2-[4-[1,3,6-trimethyl-2,4-diox0-1,2,3,4-tetrahydropyrimidin-
5-yllphenyl]ethylcarbamoyl]-3,5-difluorobenzylamino]methyl]-2,6-difluorobenzylamino]-3-[4-[1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl]phenyl]propionic acid:

[0197]
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[0198] The title compound was prepared using a similar procedure as described in Example 1, step 11 starting from
(8)-2-[4-[[3-aminopropionyl]-3,5-difluoro-4-[(S)-1-carboxy-2-[4-[[1,3,6-trimethyl-2,4-diox0-1,2,3,4-tetrahydro-pyrimidin-
5-yllphenyl]ethylcarbamoyl]benzylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-((1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tet-
rahydro-pyrimidin-5-yl)phenylpropionic acid (84.3 mg, 0.082 mmol), 3-[2-[2-[2-[2-[2-[2-[2-[2-acetylsulfan-
ylethoxy]-ethoxy]ethoxy]ethoxy]ethoxy]ethoxylethoxy]ethoxylethoxy]propionic acid-2,5-dioxo-pyrrolidin-1-yl ester (49.1
mg, 0.082 mmol), and DIPEA (31 mg, 43 p.L, 0.246 mmol) and after HPLC purification, resulted in a white solid (57 mg,
46%). ES(+)-LRMS m/e calcd. for C;oHggF4Ng054S4 (M/2+H)* 755, obsd 755.

Preparation of fluorescein (FITC) labeled targeting reagents

[0199] The targeting reagents may be derivatized with fluorophores that may be useful for studying their binding
tracking to cells that express receptors to the targeting small molecules. Such molecules may be made in either or both
of two methods. First, it is possible to perform the reaction of the targeted maleimides with 2-[(5-fluoroseinyl)aminocar-
bonyllethylmercaptane. Alternatively, the one-pot reaction of the integrin antagonist small molecule targeting ligands,
with 2-[(5-fluoroseinyl)aminocarbonyl]ethylmercaptane and the bi-functional PEG reagent which is shown in Schemes
17 and 18.

Example of Method a)
Preparation of (S)-N-[4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)-propionylami-
nolethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]eth oxy]ethoxy]-propionylamino]pro-

poxy]-phenyl]-3-[2-[3-(guanidino)-benzoylamino]-acetylamino]-succinamic acid-FITC

[0200]
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[0201] To an yellow suspension of (S)-N-[4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydro-pyrroOl-1-
yl)-propionylaminolethoxy]ethoxy]ethoxylethoxylethoxy]ethoxylethoxylethoxy]ethoxylethoxyleth  oxylethoxy]-propio-
nylamino]propoxyl-phenyl]-3-[2-[3-(guanidino)-benzoylamino]-acetylamino]-succinamic acid (37.5 mg, 0.03 mmol) and
2-[(5-fluoroseinyl)aminocarbonyllethylmercaptane (FITC reagent) (15.6 mg, 0.036 mml) in methanol (5 mL) was added
an excess of DIPEA (38.7 mg, 52 uL, 0.3 mmol) at room temperature under nitrogen atmosphere. The resulting light
yellow suspension was stirred for 2 h at which time LCMS analysis indicated the absence of starting material. Then, the
excess DIPEA was removed under vacuum and the desired product was isolated by purification using HPLC to obtain
25 mg (50% vyield) of (S)-N-[4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydro-pyrrol-1-yl)-propionylami-
nolethoxy]ethoxy]ethoxylethoxylethoxy]ethoxylethoxylethoxy]ethoxylethoxyleth oxy]ethoxy]-propionylamino]pro-
poxy]-phenyl]-3-[2-[3-(guanidino)-benzoylamino]-acetylamino]-succinamic acid-FITC derivative as a brown solid.
ES(+)-HRMS m/e calcd. for CgoHq4N19O026S (M+2H)2+ 843.3444, obsd. 843.3437.

LCMS data = M+H, 1687.6

Example of Method b)

[0202]
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Scheme 17

Step 1. Cystamine dihydrochloride (68 mg, 0.301 mmol) and DIEA (110 pL, 2.1 eq.) were dissolved in DMF (10
mL), followed by addition of NHS-fluorescein, a mixture of 5- and 6-carboxyfluorescein (300 mg, 0.634 mmol) and
the resulting reaction mixture was stirred overnight at room temperature. Then it was diluted with ethyl acetate and
washed three times with water and one time with brine. The extract was dried over anhydrous sodium sulfate,
concentrated under reduced pressure, redissolved in small amount of methanol and ethyl acetate, and then triturated
with diethyl ether to obtain 140 mg of fluorescein-cystamine adduct as a bright orange solid.

Step 2. The fluorescein-cystamine adduct (80 mg, 0.092 mmol) was dissolved in a 3:1 mixture of methanol and
water (4 mL) and TCEP hydrochloride (80 mg, 3 eq.) was added. The resulting reaction mixture was stirred at room
temperature for 2 h. The product was purified by HPLC to yield 78 mg of the product. LRMS (ESI) 435.0

Preparation of fluorescein-labeled small molecule-PEG conjugates

[0203]
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Scheme 18

[0204] General procedure: To a solution of ligand (1 eq.) in DMSO was added DIEA (2 eq.) and SM(PEG),, (1 eq.).
The resulting reaction mixture was stirred at room temperature for 1 h. Next, fluorescein with thiol handle (1 eq.) was
added and the reaction mixture was stirred for an additional 10 min. The product was purified by HPLC.

[0205] Procedures for covalent attachment to small molecule integrin targeting ligands to 5’-thiol-siRNA oligonucle-
otides

siRNA preparation.

Oligoribonucleotide Synthesis

[0206] Oligoribonucleotides were synthesized according to the phosphoramidite technology on solid phase employing
an ABI 394 synthesizer (Applied Biosystems) at the 10 umol scale.

siRNA sense strand: SEQ ID NO. 1
siRNA antisense strand: SEQ ID NO.2

[0207] The corresponding siRNAs are directed against the house keeping gene AHA1. Syntheses were performed
on a solid support made of controlled pore glass (CPG, 5204, with a loading of 75 pmol/g, obtained from Prime Synthesis,
Aston, PA, USA). Regular RNA phosphoramidites, 2’-O-Methylphosphoramidites as well as ancillary reagents were
purchased from Proligo (Hamburg, Germany). Specifically, the following amidites were used: (5’-O-dimethoxytrityl-
NB-(benzoyl)-2’-O-t-butyldimethylsilyl-adenosine-3’-O-(2-cyanoethyl-N,N-diisopropylamino) ~ phosphoramidite,  5'-
O-dimethoxytrityl-N4-(acetyl)-2’-O-t-butyldimethylsilyl-cytidine-3’-O-(2-cyanoethyl-N,N-diisopropylamino)  phosphora-
midite, (5’-O-dimethoxytrityl-N2-(isobutyryl)-2’-O-t-butyldimethylsilyl-guanosine-3’-O-(2-cyanoethyl-N, N-diisopropylami-
no) phosphoramidite, and 5’-O-dimethoxytrityl-2’-O-t-butyldimethylsilyl-uridine-3’-O-(2-cyanoethyl-N, N-diisopropylami-
no) phosphoramidite. 2’-O-Methylphosphoramidites carried the same protecting groups as the regular RNA amidites.
All amidites were dissolved in anhydrous acetonitrile (100 mM) and molecular sieves (3A) were added. To generate the
sulfhydryl linker at the 5’-end of the oligomer the 1-O-Dimethoxytrityl-hexyl-disulfide,1’-[(2-cyanoethyl)-(N, N-diisopro-
pyl)]-phosphoramidite linker from Glen Research (Sterling, Virginia, USA) was used. Prior to small molecule conjugation
the disulfide linker was reduced using Tris-(2-carboxyethyl)phosphine (TCEP, see below). For 5°-end labeling with the
Nu547 fluorophore the corresponding phosphoramidite obtained from Thermo Fisher (Milwaukee, Wisconsin) was em-
ployed. 5-Ethyl thiotetrazole (ETT, 500 mM in acetonitrile) was used as activator solution. Coupling times were 6 minutes.
In order to introduce phosphorothioate linkages a 100 mM solution of 3-ethoxy-1,2,4-dithiazoline-5-one (EDITH, obtained
from Link Technologies, Lanarkshire, Scotland) in anhydrous acetonitrile was employed.
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Cleavage and deprotection of support bound oligomer

[0208] After finalization of the solid phase synthesis, the dried solid support was transferred to a 15 mL tube and
treated with methylamine in methanol (2M, Aldrich) for 180 min at 45°C. After centrifugation the supernatant was trans-
ferred to a new 15 mL tube and the CPG was washed with 1200 uwL N-methylpyrolidin-2-one (NMP, Fluka, Buchs,
Switzerland). The washing was combined with the methanolic methylamine solution and 450 wL Triethylamine trihy-
drofluoride (TEA-3HF, Alfa Aesar, Karlsruhe, Germany) was added. This mixture was brought to 65°C for 150 min. After
cooling to room temperature 0.75 mL NMP and 1.5 mL of ethoxytrimethylsilane (Fluka, Buchs, Switzerland) was added.
10 min later, the precipitated oligoribonucleotide was collected by centrifugation, the supernatant was discarded and
the solid was reconstituted in 1mL buffer A (see below).

Purification of oligoribonucleotides

[0209] Crude oligoribonucleotides were purified by strong anion exchange (SAX) HPLC employing a preparative 22x
250 mm DNA Pac 100 column (Dionex, Idstein, Germany) on an AKTA Explorer system (GE Healthcare). Buffer A
consisted of 10 mM NaClO,4, 1 mM EDTA, 10 mM Tris, pH 7.4, 6M Urea and 20% acetonitrile. Buffer B had 500 mM
NaClO, in Buffer A. A flow rate of 4.5 mL/min was employed. UV traces at 260 and 280 nm were recorded. A gradient
of 20%B to 45%B within 55 min was employed. Appropriate fractions were pooled and precipitated with 3M NaOAc,
pH=5.2 and 70% Ethanol.

[0210] Crude Nu547 labeled oligomers were purified by RP HPLC using a XTerra Prep MS C8 10x 50 mm column
(Waters, Eschborn, Germany) on an AKTA Explorer system (GE Healthcare). Buffer A was 100 mM triethylammonium
acetate (Biosolve, Valkenswaard, The Netherlands) and buffer B contained 50% acetonitrile in buffer A. A flow rate of
5 mL/min was employed. UV traces at 260, 280 and 547 nm (in case of Nu547 labeled oligoribonucleotide) were recorded.
A gradient of 5%B to 60%B within 58 column volumes (CV) was employed. Appropriate fractions were pooled and
precipitated with 3M NaOAc, pH=5.2 and 70% Ethanol.

[0211] Finally, the purified oligomer was desalted by size exclusion chromatography on a column containing Sephadex
G-25 (GE Healthcare). The concentration of the solution was determined by absorbance measurement at 260 nm in a
UV photometer (Beckman Coulter, Krefeld, Germany). Until annealing the individual strands were stored as frozen
solutions at -20°C.

Preparation of small molecule RNA conjugates

[0212] Small molecules equipped with a maleimide functionality were covalently conjugated to the RNA through a
thioether linkage. To enable this chemistry, ~60 mg of the RNA containing the 5’-disulfide linker was reduced in water
(5 mL) to the corresponding thiol using 1 mL TCEP (0.5 M in water, obtained from Sigma Aldrich). Once analytical anion
exchange HPLC indicated completion of the reaction (~2h at room temperature) the RNA was precipitated with 30 mL
ethanol/3M NaOAc (pH 5.4) 32:1 (v/v) over night at -20°C. The pellet was collected by centrifugation and used for the
subsequent small molecule conjugation.

[0213] In a typical conjugation reaction 10 mg RNA was dissolved in 2 mL sodium phosphate buffer (0.1 M, pH 7.0).
To this solution the small molecule (0.12 mM) in ACN/NMP 1:1 (v/v) was added over a period of 5 minutes. Once RP
LC-ESI MS showed consumption of the input RNA the mixture was diluted with water (~10 mL) and ~40 mL ethanol/3M
NaOAc (pH 5.4) 32:1 (v/v) was added to precipitate the conjugated RNA over night at -20°C. The pellet was collected
by centrifugation, dissolved in water and if necessary purified by anion exchange HPLC pursuing the procedure given
above. If the conjugate is sufficiently pure the reaction mixture was filtered through a size exclusion column (Sephadex
G-25, GE Healthcare).

Annealing of oligoribonucleotides to generate siRNA

[0214] Complementary strands were annealed by combining equimolar RNA solutions. The mixture was lyophilized
and reconstituted with an appropriate volume of annealing buffer (100 mM NaCl, 20 mM sodium phosphate, pH 6.8) to
achieve the desired concentration. This solution was placed into a water bath at 95°C which was cooled to rt within 3h.
Table 3: siRNA sequence information ; lower case letters: 2’-OMe nucleotide; s: phosphorothioate linkage; dT: deox-
ythymidine; (C6SSCB6): C-6 disulfide linker; (Cy5): cyanine 5 dye.

[0215] The following assay was conducted to assess the potency of inhibition of VLA-4-targeted compounds of this
invention in a VLA-4/VCAM binding assay in Jurkat cell.

[0216] The following adhesion assay has been reported previously and used in this invention with minor modification.
See U.S. Patent Nos. 6,229,011 and 6,380,387. The functional in vitro potency of the VLA-4 (043 1) targeting lipids (from
the examples) was determined using a Jurkat cell-based assay (below) since Jurkat cells express high levels of VLA-4
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on their membrane surface. Each assay was conducted in a 96-well plate with VCAM-1 used as the counter ligand for
the cells (i.e., VCAM-1 was bound to the surface of the wells).

[0217] More specifically, 96-well high-binding F96 Maxisorp immuno microtiter plates (Nunc) were coated overnight
with 25 ng/well of VCAM-1. On the day of the experiment, plates were blocked for 1 hour with PBS buffer containing 1%
nonfat dry milk to eliminate nonspecific binding. The plates were then washed with DPBS (Dulbecco’s Phosphate Buffered
Saline) and blotted dry. Any excess liquid was carefully aspirated from the wells.

[0218] As a control, the small molecule antagonist (140) for inhibiting VLA-4 referred to above was added to control
wells in buffer containing 4% DMSO and diluted down the plate, typically in a concentration range of 1000 nM to 0.2
nM. Jurkat Clone E6-1 cells (ATCC) were labeled with 100 p.g/ml 6-carboxyfluorescein diacetate, a fluorescent dye, and
then activated with RPMI 1640 medium containing 0.5 mM of the divalent cation Mn2+ and 0.05% bovine serum albumin.
It is noted that this activation is needed to achieve maximal binding for the ligand and may simulate the activation of
integrins by cytokines and chemokines in vivo. The control compound (27) was determined to have an IC5 of about 12
nM (i.e. 50% of the cells did not bind to VCAM-1 on the surface of the wells since the VLA-4 receptors of the cells were
presumably bound to or associated with the control compound).

Cl Chiral

Cl o)

140

[0219] To assess VLA-4 inhibition of the VLA-4 targeted compounds of this invention (from the examples), Jurkat cells
(expressing high levels of VLA-4) were added to the VCAM-1-coated plates to a final concentration of 2 x 10° cells/well
in 96-well plates and allowed to incubate with the test compounds (derivatized siRNA, small molecules) for 45 minutes
at 37° C. After removing unbound cells by gently washing the wells with PBS, the fluorescence signal from the bound
cells was read on a Tecan Safire2 microplate reader at 450 nm. Points were plotted and the IC,S of each test compound
were determined by regression analysis using the linear portion of the concentration- response curve. These results are
shown below in Tables 4 and 5.

Evidence of cellular permeability and localization of small molecule derivatives for covalently linked integrin
antagonists to FITC fluorophores and siRNA for targeted delivery

Procedure

[0220] AML MV4-11 cells in growth medium (RPMI 1640 with 10% FBS) were incubated with Duplex-27 (500 nM) for
1 hour at 37 °C. For determining VLA-4 independent binding, 140 (10 wM) was included in one condition to block VLA-
4 dependent binding. After incubation, the cells were then washed twice with D-PBS and fixed in 1% paraformaldehyde
for10 minutes. The uptake of siRNA was analyzed by imaging flow cytometry using ImageStreamx (Aminis Corporation,
Seattle). The results are shown in Table A and in Figures 1-4.

Table A

Compound (concentration) Mean Cy3 intensity

Nothing 638
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(continued)

Compound (concentration)

Mean Cy3 intensity

140 (10p.M)

663

Duplex-27 (500nM)

4007

140 (10pM) + Duplex-27 (500nM) | 2273

Assay of 5’-sense strand modified siRNA for knock-down of AHA1 mRNA in cellular systems

Materials and Methods

[0221]

Reference gene:

Cell line:

Plating density:

Plating format:

Time from plating to treatment:
Control treatment:
Transfection reagent:
Transfection Method

TF Reagent volume/well
siRNA final concentration
Assay method:

GAPDH

H1299_Nut-Onc

5,000 cells / well

96-well

0

mock, untreated, control siRNA
DharmaFect1

Reverse TF

0.15mL

50 nM

Day 1 manual/Day 2 Washer

[0222] Reverse transfection: H1299 cells were transfected with indicated siRNA at final concentration of 50 nM using
DharmaFect-1 transfection reagent at 0.15 pl/well. Cells were then plated into 96-well plate at 5000 cells/well and
incubated at 37°C for 48 hours.

[0223] The efficacy of sSiRNA knock-down was measured with a Branched DNA Assay as reported by the vendor; the
results of such knockdown are shown in Figure 5. The relative cell viability was assessed by the absolute expression of

GAPDH in the same well (Figure 6).
SEQUENCE LISTING
[0224]

<110> F. Hoffmann - La Roche AG

<120> Integrin Antagonist Conjugates for Targeted Delivery to Cells

Expressing VLA-4
<130> 30809 WO

<150> US61/591295
<151> 2012-01-27

<150> US61/670666
<151> 2012-07-12

<160> 2
<170> Patentln version 3.5

<210> 1
<211> 21
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<212> DNA
<213> Atrtificial Sequence

<220>
<223> siRNA targeting AHA1

<400> 1
ggaugaagug gagauuagut t 21

<210> 2

<211> 21

<212> DNA

<213> Atrtificial Sequence

<220>
<223> siRNA targeting AHA1

<400> 2
acuaaucucc acuucaucct t 21

Claims

A compound of formula I:

H
N O

@)

Formula I
or a pharmaceutically acceptable salt or ester thereof; wherein n is 1-24 and wherein:
R1 is selected from the group consisting of:

(1) a compound of the formula:

OH

HN O

wherein m is 0-3 and G is selected from the group consisting of:
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(2) a compound of the formula:

Ko

wherein m is 0-3, R4 and R5 are independently hydrogen or halogen, W is O or CH,, and G is selected

from the group consisting of:

Cl O ’

and
(3) a compound of the formula:

)
\NJ\N/

N So

F N
H
’/,N
LT
HO O

R2 is selected from the group consisting of:

(1) a compound of the formula:

m

90

R4

Cl O Cl
H,C”~
H H
N N
Y Y o
Cl (@] ’

OH

HN

R5

(|3H

C/N = §‘(
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N
Y
F
H
N
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Y

gf@ |

>

(2) a compound of the formula:

(3) a compound of the formula:

and
(4) a compound of the formula:

§<X—S R3

~

wherein R3 is a conjugated moiety and X represents either sulfur or a compound of the formula:

o)
®) N
>—/7 to S
to PEGéN )

H

2. A compound according to claim 1, wherein R1 is a compound of the formula:
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Cl

H

N

OH
Cl O
HN O
O
m

wherein m is 0-3.

3. A compound according to claim 1, wherein R1 is a compound of the formula:

o) cl
H.c”

3
H
N
O
Cl O
HN O
O
m

wherein m is 0-3.

4. A compound according to claim 1, wherein R1 is a compound of the formula:

T
OYN o
N /
-~
H,C o
CH,
HN Y
o
m

5. A compound according to claim 1, wherein R1 is a compound of the formula:

wherein m is 0-3.
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wherein m is 0-3.

6. A compound according to claim 1, wherein R1 is a compound of the formula:

Cl
H
[ I N
OH

R4 HN

wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is O or CH,.

7. A compound according to claim 1, wherein R1 is a compound of the formula:

o cl
H.C”

H

N

Cl @]
R4 HN

m
wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is O or CH,.

8. A compound according to claim 1, wherein R1 is a compound of the formula:
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OH

R4 HN

m

wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is O or CH,.

9. A compound according to claim 1, wherein R1 is a compound of the formula:

m

wherein m is 0-3, R4 and R5 are hydrogen or halogen, and W is O or CH,.

10. A compound according to claim 1, wherein R1 is a compound of the formula:

0 0
A Ao
AN 0 AN 0
F N F
N N
YT ¢
O F
HO” S0 F %6 on

11. A compound according to any one of claims 1 to 10, wherein R2 is a compound of the formula:
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@)
N ?
H
12. A compound according to any one of claims 1 to 10, wherein R2 is a compound of the formula:

e

13. A compound according to any one of claims 1 to 10, wherein R2 is a compound of the formula:

ey

S

14. A compound according to any one of claims 1 to 10, wherein R2 is a compound of the formula:

§<X—S R3

~

wherein R3 is a single or double stranded oligonucleotide and X represents either sulfur ora compound of the formula:

Q

®) N

to PEG%N O
H

15. A compound according to claim 14, wherein R3 is a siRNA molecule.

toS

16. A compound according to claim 1, selected from the group consisting of:

(S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[[1-[2-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propio-
nylamino]ethoxy]ethoxy]ethoxy]ethoxy]propionylamino]ethyl] cyclopentanecarbonyl] a mino]propionic acid;
(S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-
1-yl)propionylamino]-ethoxy]ethoxy]ethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylpropionylamino]ethyl]cy-
clopentyl] ¢ arbonyllamino]propionic acid;
(S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihy-
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dropyrrol-1-yl)propionylami-
no]-ethoxy]ethoxy]ethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxylethoxy]ethoxylethoxy]propi onylami-
no]ethyl]cyclopentanecarbonyl]lamino]propionic acid; and

(S)-2-[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-(2-acetylsulfanyl-
ethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxylethoxy]propionylamino]-ethyl]-cyclopentanecarbonyl]-ami-
no]-3-[4-(2,6-dichlorobenzoylamino)phenyl]propionic acid.

17. A compound of claim 1, selected from the group consisting of:

(S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-
1-yl)propionylamino]ethoxy]ethoxy]ethoxylethoxy]propionylamino]propoxy]benzoylamino]propi onic acid;
(S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-di-
hydropyrrol-1-

yl)propionylamino]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxy]propionylamino Jpropoxy]benzo
ylamino]propionic acid;
(S)-3-[4-(2,6-dichlorobenzoylamino)phenyl]-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-di-
oxo-2,5-dihydropyrrol-1-yl)propionylamino] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy] ethoxy]
ethoxy] ethoxy] e thoxy]ethoxy]propionylamino]propoxy]benzoylamino]propionic acid; and
(S)-2-[[1-[4-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylami-
nolethoxy]ethoxy]ethoxylethoxy]propionylamino]butyl]cyclopentanecarbonylla mino]-3-[4-(1,3,6-trimethyl-2,4-
dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid.

18. A compound of claim 1, selected from the group consisting of:

(S)-2-[2,6-Dichloro-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylami-
nolethoxy]ethoxy]ethoxylethoxy]propionylamino]propoxy]benzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid;
(S)-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-
yl)propionylamino]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxy]propionylamino Jpropoxy]benzo
ylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid; and
(S)-2-[4-[(3-[2-[2-[2-[2-[3-(2,5-Dioxo-2,5-dihydropyrrol-1-yl)propionylamino]ethoxy]ethoxylethoxy]ethoxy]pro-
pionylamino)methyl]-2,6-difluorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yl)phenyl]propionic acid trifluoracetate salt.

19. A compound of claim 1, selected from the group consisting of:

(S)-2-[4-[(3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-Dioxo-2,5-dihydropyrrol-1-
yl)propionylamino]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxy]propionylamino )methyl]-2,6-dif-
luorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionic acid trif-
luoracetate salt;
(S)-2-[4-[[3-[2-[2-[2-[2-[2-[2-[2-[2-acetylsulfanylethoxy]ethoxy]ethoxy]ethoxy]ethoxy]lethoxy]ethoxy]ethoxy]pro-
pionylamino]methyl]-2,6-difluorobenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yl)phenyl]propionic acid; and

(S)-2-[4-[[3-[3-[2-[2-[2-[2-[2-[2-[2-(2-acetylsulfan-
ylethaoxy)ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxy]propionylamino]pro  pionyl]-[4-[(S)-1-carboxy-
2-[4-[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl]phenyl]ethylcarbamoyl]-3,5-difluorobenzylami-
no]methyl]-2,6-difluorobenzylaminol-3-[4-[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl]phe-
nyl]propionic acid.

20. Apharmaceutical composition comprising a compound according to any one of claims 1 to 19 and a pharmaceutically
acceptable carrier.

21. The use of a compound according to any one of claims 1 to 19 for the preparation of a medicament for the treatment
or prophylaxis of inflammation, cancer, or a metabolic disease or condition.
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Patentanspriiche

1.

Eine Verbindung der Formel I:

H
N O

O
Formel 1
oder ein pharmazeutisch annehmbares/r Salz oder Ester davon; worin n 1-24 ist und worin:
R1 ausgewahlt ist aus der Gruppe bestehend aus:

(1) einer Verbindung der Formel:
G
OH
HN O
0
m

worin m 0-3 ist und G ausgewahlt ist aus der Gruppe bestehend aus:

T
O Cl
al HG” OYN o
H N N
N
b Y wel Y
Cl O ’ Cl O ’ CHG ,
(2) einer Verbindung der Formel:
G
OH
R4 HN o
@ O
§§<7LW R5
m

2

worin m 0-3 ist, R4 und R5 unabhéngig voneinander Wasserstoff oder Halogen sind, W O oder CH, ist und
G ausgewahlt ist aus der Gruppe bestehend aus:
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cl HSC/O cl
§ N
N Y w
0 )

Cl 0] ’ Cl

und
(3) einer Verbindung der Formel:

O

el 5@%?

R2 ausgewahlt ist aus der Gruppe bestehend aus:

\JJ\/

o

(1) einer Verbindung der Formel:

Y

(2) einer Verbindung der Formel:

TIVA W/

(3) einer Verbindung der Formel:
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@)

}Q—

und
(4) einer Verbindung der Formel:

§<X—S R3

~

worin R3 eine konjugierte Gruppierung ist und X fiir entweder Schwefel oder eine Verbindung der folgenden
Formel steht:

Q

@) N
>—/7 an S
an PEGéN O
H

Eine Verbindung nach Anspruch 1, worin R1 eine Verbindung der folgenden Formel ist:

Cl

OH
Cl O

HN

worin m 0-3 ist.

Eine Verbindung nach Anspruch 1, worin R1 eine Verbindung der folgenden Formel ist:
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o) cl
H.c”

H
N
OH
Cl O
HN O
O
m

worin m 0-3 ist.

Eine Verbindung nach Anspruch 1, worin R1 eine Verbindung der folgenden Formel ist:

T
OYN o
N /
-~
H,C o
CH,
HN Y
o
m

Eine Verbindung nach Anspruch 1, worin R1 eine Verbindung der folgenden Formel ist:

worin m 0-3 ist.

OH
E
F
HN 0
@)
m

Eine Verbindung nach Anspruch 1, worin R1 eine Verbindung der folgenden Formel ist:

worin m 0-3 ist.
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Cl

OH
Cl O

R4 HN

o

w R5
m

worin m 0-3 ist, R4 und R5 Wasserstoff oder Halogen sind und W O oder CH, ist.

7. Eine Verbindung nach Anspruch 1, worin R1 eine Verbindung der folgenden Formel ist:

_0 cl

H.C

ZT

Cl @]
R4 HN

W R5

m
worin m 0-3 ist, R4 und R5 Wasserstoff oder Halogen sind und W O oder CH, ist.

8. Eine Verbindung nach Anspruch 1, worin R1 eine Verbindung der folgenden Formel ist:

OH

R4 HN

m

worin m 0-3 ist, R4 und R5 Wasserstoff oder Halogen sind und W O oder CH, ist.

9. Eine Verbindung nach Anspruch 1, worin R1 eine Verbindung der folgenden Formel ist:
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m

worin m 0-3 ist, R4 und R5 Wasserstoff oder Halogen sind und W O oder CH, ist.

10. Eine Verbindung nach Anspruch 1, worin R1 eine Verbindung der folgenden Formel ist:

O

e @%?

11. Eine Verbindung nach irgendwelchem der Anspriiche 1 bis 10, worin R2 eine Verbindung der folgenden Formel ist:

\)J\/

N "o

@)
O>_/* Niﬂ
oo
H
12. Eine Verbindung nach irgendwelchem der Anspriiche 1 bis 10, worin R2 eine Verbindung der folgenden Formel ist:

e
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13. Eine Verbindung nach irgendwelchem der Anspriiche 1 bis 10, worin R2 eine Verbindung der folgenden Formel ist:

i

S

14. Eine Verbindung nach irgendwelchem der Anspriiche 1 bis 10, worin R2 eine Verbindung der folgenden Formel ist:

}ix—s R3

~_ "

worin R3 ein einzel- oder doppelstréangiges Oligonucleotid ist und X fiir entweder Schwefel oder eine Verbindung
der folgenden Formel steht:

Q

®) N
>—/7 anS
an PEGéN O
H

15. Eine Verbindung nach Anspruch 14, worin R3 ein siRNA-Molekdl ist.

16. Eine Verbindung nach Anspruch 1, ausgewahlt aus der Gruppe bestehend aus:

(S)-3-[4-(2,6-Dichlorbenzoylamino)phenyl]-2-[[1-[2-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)  propio-
nylamino]ethoxy]ethoxy]ethoxy]ethoxy]propionylamino]ethyl]cyclopentancarbonyl] amino]propionséaure;
(S)-3-[4-(2,6-Dichlorbenzoylamino)phenyl]-2-[[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-
yl) propionylamino]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxy] propionylamino]ethyl]cyclopen-
tyllcarbonyllamino]propionsaure;
(S)-3-[4-(2,6-Dichlorbenzoylamino)phenyl]-2-[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihy-
dropyrrol-1-yl) propionylamino]ethoxy]ethoxy]ethoxy]ethoxy]ethoxylethoxylethoxy]ethoxy]ethoxy] ethoxyletho-
xylethoxy]propionylamino]ethyl]cyclopentancarbonyl]amino]propionséure; und
(S)-2-[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-(2-Acetylsulfanylethoxy)ethoxy]ethoxylethoxy]ethoxy]ethoxy]ethoxy]etho-
xy]propionylamino] ethyl]cyclopentancarbonyl]amino]-3-[4-(2,6-dichlorbenzoylamino)phenyl]propionséaure.

17. Eine Verbindung nach Anspruch 1, ausgewahlt aus der Gruppe bestehend aus:

(S)-3-[4-(2,6-Dichlorbenzoylamino)phenyl]-2-[2,6-dichlor-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-
yl) propionylamino]ethoxylethoxy]ethoxy]ethoxy]propionylamino]propoxy]benzoylamino] propionséaure;
(S)-3-[4-(2,6-Dichlorbenzoylamino)phenyl]-2-[2,6-dichlor-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihy-
dropyrrol-1-yl) propionylamino]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy] propionylamino]pro-
poxy]benzoylamino]propionsdure;
(S)-3-[4-(2,6-Dichlorbenzoylamino)phenyl]-2-[2,6-dichlor-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-dio0-
xo0-2,5-dihydropyrrol-1-yl)  propionylamino]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy]
ethoxy]ethoxylethoxy]propionylamino]propoxy]benzoylamino]propionsaure; und
(S)-2-[[1-[4-[3-[2-[2-[2-[2-[3-(2,5-Dioxo-2,5-dihydropyrrol-1-yl) propionylamino]ethoxy]ethoxy]ethoxy]etho-
xy]propionylamino]butyl] cyclopentancarbonyllamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimi-
din-5-yl)phenyl]propionsaure.
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18. Eine Verbindung nach Anspruch 1, ausgewahlt aus der Gruppe bestehend aus:

(S)-2-[2,6-Dichlor-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl) propionylamino]ethoxylethoxy]etho-
xylethoxy]propionylamino]propoxy]benzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-
5-yl)phenyl]propionsaure;

(S)-2-[2,6-Dichlor-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl) propionylaminoletho-
xylethoxy]ethoxy]ethoxylethoxy]ethoxy]ethoxylethoxy] propionylamino]propoxylbenzoylamino]-3-[4-(1,3,6-tri-
methyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionsdure; und
(S)-2-[4-[(3-[2-[2-[2-[2-[3-(2,5-Dioxo-2,5-dihydropyrrol-1-yl) propionylamino]ethoxylethoxy]ethoxy]ethoxy]pro-
pionylamino)methyl]-2,6-difluorbenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)
phenyl]lpropionséauretrifluoracetatsalz.

19. Eine Verbindung nach Anspruch 1, ausgewahlt aus der Gruppe bestehend aus:
(S)-2-[4-[(3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-Dioxo-2,5-dihydropyrrol-1-yl) propionylamino]ethoxy]ethoxy]etho-
xylethoxy]ethoxy]ethoxylethoxy]ethoxy]  propionylamino)methyl]-2,6-difluorbenzoylamino]-3-[4-(1,3,6-trime-
thyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)phenyl]propionsauretrifluoracetatsalz;
(S)-2-[4-[[3-[2-[2-[2-[2-[2-[2-[2-[2-Acetylsulfanylethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]pro-
pionylamino] methyl]-2,6-difluorbenzoylamino]-3-[4-(1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yl)phenyl]propionsaure; und
(S)-2-[4-[[3-[3-[2-[2-[2-[2-[2-[2-[2-(2-Acetylsulfanylethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]etho-
xy]propionylamino] propionyl]-[4-[(S)-1-carboxy-2-[4-[1,3,6-trimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-
yllphenyllethylcarbamoyl]-3,5-difluorbenzylamino]lmethyl]-2,6-difluorbenzylamino]-3-[4-[1,3,6-trimethyl-2,4-di-
oxo0-1,2,3,4-tetrahydropyrimidin-5-yl]Jphenyl]propionsaure.

20. Eine Pharmazeutische Zusammensetzung, umfassend eine Verbindung nach irgendwelchem der Anspriiche 1 bis
19 und einen pharmazeutisch annehmbaren Trager.

21. Die Verwendung einer Verbindung nach irgendwelchem der Anspriiche 1 bis 19 fiir die Herstellung eines Arznei-
mittels zur Behandlung oder Prophylaxe einer Entziindung, von Krebs oder einer/s Stoffwechselerkrankung oder
-leidens.

Revendications

1. Un composé de formule | :

H
N O

O
Formule I
ou un sel ou un ester pharmaceutiquement acceptables de celui-ci ; dans laquelle n est 1-24 et dans laquelle :
R1 est choisi dans le groupe constitué par :

(1) un composé de formule :
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dans laquelle m est 0-3 et G est choisi dans le groupe constitué par

Cl

(2) un composé de formule :

G

Cl

OH
R4 HN o
@ O
L P

dans laquelle m est 0-3, R4 et R5 représentent indépendamment un hydrogene ou un halogéne, W repré-

m

sente O ou CH,, et G est choisi dans le groupe constitué par :

cl O
H,c”
H
N
O b

Cl

et
(3) un composé de formule :

Cl

Cl
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R2 est choisi dans le groupe constitué par :

(1) un composé de formule :

(2) un composé de formule :

(3) un composé de formule :

et
(4) un composé de formule :

dans laquelle R3 est un fragment conjugué et X représente soit le soufre, soit un composé de formule :

%

Iz

gf@ |

44

s
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O
®) N
>—J[_ lié au S
I
H

2. Un composé selon la revendication 1, dans lequel R1 représente un composé de formule :

lié au PEG

Cl

H

N

OH
Cl O
HN O
O
m

dans laquelle m est 0-3.

3. Un composé selon la revendication 1, dans lequel R1 représente un composé de formule :

o) cl
H.c”

3
H
N

OH

Cl O
HN O
O
m

dans laquelle m est 0-3.

4. Un composé selon la revendication 1, dans lequel R1 représente un composé de formule :
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5.

6.

7.

EP 2 806 898 B1

T
OYN o
N /
-~
H,C o
CH,
HN Y
o
m

Un composé selon la revendication 1, dans lequel R1 représente un composé de formule :

dans laquelle m est 0-3.

OH
E
F
HN 0
@)
m

Un composé selon la revendication 1, dans lequel R1 représente un composé de formule :

dans laquelle m est 0-3.

dans laquelle m est 0-3, R4 et R5 représentent un hydrogéne ou un halogéne, et W représente O ou CH.,.

Un composé selon la revendication 1, dans lequel R1 représente un composé de formule :
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O Cl
H.C

ZT

OH
Cl O

R4 HN

W R5

m
dans laquelle m est 0-3, R4 et R5 représentent un hydrogéne ou un halogéne, et W représente O ou CH,.

8. Un composé selon la revendication 1, dans lequel R1 représente un composé de formule :

T
OYN (@)
N
H,C” =
CH, OH
R4 HN O
O
W R5
m

dans laquelle m est 0-3, R4 et R5 représentent un hydrogéne ou un halogéne, et W représente O ou CH.,.

9. Un composé selon la revendication 1, dans lequel R1 représente un composé de formule :

w R5

m

dans laquelle m est 0-3, R4 et R5 représentent un hydrogéne ou un halogéne, et W représente O ou CH.,.
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10. Un composé selon la revendication 1, dans lequel R1 représente un composé de formule :

14. Un composé selon I'une quelconque des revendications 1 a 10, dans lequel R2 représente un composé de formule :

dans laquelle R3 représente un oligonucléotide simple brin ou double brin et X représente soit le soufre, soit un

\)J\/

AN

composé de formule :

0]

EP 2 806 898 B1

e @%?

11. Un composé selon I'une quelconque des revendications 1 a 10, dans lequel R2 représente un composé de formule :

@)
O>_/* Niﬂ
oo
H
12. Un composé selon I'une quelconque des revendications 1 a 10, dans lequel R2 représente un composé de formule :

O

13. Un composé selon I'une quelconque des revendications 1 a 10, dans lequel R2 représente un composé de formule :

O

i

s
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O
®) N
>—/7 liéd au S
lié au PEG%H O

15. Un composé selon la revendication 14, dans lequel R3 représente une molécule d’ARNSsi.

16. Un composé selon la revendication 1, choisi dans le groupe constitué par :

l'acide (S)-3-[4-(2,6-dichlorobenzoylamino)phényl]-2-[[1-[2-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)
propionylamino]éthoxy]éthoxy]éthoxy]éthoxy]propionylamino]éthyljcyclopentanecarbonyl]

amino]propionique ;

l'acide (S)-3-[4-(2,6-dichlorobenzoylamino)phényl]-2-[[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydro-
pyrrol-1-yl)propionylamino]-éthoxy]éthoxyléthoxy]éthoxy]éthoxyléthoxy]éthoxy]éthoxy]propionylamino]éthyl]
cyclopentyl]carbonylJamino]propionique ;

lacide (S)-3-[4-(2,6-dichlorobenzoylamino)phényl]-2-[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-
2,5-dihydropyrrol-1-yl)propionylamino]-
éthoxy]éthoxy]éthoxy]éthoxy]éthoxyléthoxyléthoxy]éthoxyléthoxyléthoxy]éthoxyléthoxy]
propionylamino]éthyl]cyclopentanecarbonyllamino]propionique ; et

l'acide (S)-2-[[1-[2-[3-[2-[2-[2-[2-[2-[2-[2-(2-acétylsulfanylé-
thoxy)éthoxy]éthoxy]éthoxy]éthoxy]éthoxy]éthoxyléthoxy]propionylamino]-éthyl]- cyclopentanecarbonyl]-ami-
no]-3-[4-(2,6-dichlorobenzoylamino)phényl]propionique.

17. Un composé selon la revendication 1, choisi dans le groupe constitué par :

I'acide (S)-3-[4-(2,6-dichlorobenzoylamino)phényl]-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydro-
pyrrol-1-yl)propionylamino]éthoxy]éthoxy]éthoxy]éthoxy]propionylamino]propoxy]benzoylamino]propionique ;
l'acide (S)-3-[4-(2,6-dichlorobenzoylamino)phényl]-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-
2,5-dihydropyrrol-1-
yl)propionylamino]éthoxy]éthoxy]éthoxy]éthoxy]éthoxy]éthoxy]éthoxyléthoxy]propionylamino]propoxy]benzoyl
amino]propionique ;

I'acide (S)-3-[4-(2,6-dichlorobenzoylamino)phényl]-2-[2,6-dichloro-
4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylami-
no]éthoxy]éthoxy]éthoxyléthoxy]éthoxy]éthoxyléthoxyléthoxy]éthoxy]
éthoxy]éthoxyléthoxy]propionylamino]propoxy]benzoylamino]propionique ; et

l'acide (S)-2-[[1-[4-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl) propionylami-
no]éthoxy]éthoxy]éthoxyléthoxy]propionylamino]butyl] cyclopentanecarbonyllamino]-3-[4-(1,3,6-triméthyl-2,4-
dioxo-1,2,3,4-tétrahydropyrimidin-5-yl)phényl]propionique.

18. Un composé selon la revendication 1, choisi dans le groupe constitué par :

l'acide (S)-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl) propionylami-
no]éthoxy]éthoxy]éthoxyléthoxy]propionylamino]propoxy]benzoylamino]-3-[4-(1,3,6-triméthyl-2,4-dioxo-
1,2,3,4-tétrahydropyrimidin-5-yl)phényl]propionique ;

lacide (S)-2-[2,6-dichloro-4-[3-[3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)  propionylami-
no]éthoxy]éthoxy]éthoxyléthoxy]éthoxy]éthoxy]éthoxyléthoxy] propionylamino]propoxy]benzoylamino]-
3-[4-(1,3,6-triméthyl-2,4-dioxo-1,2,3,4-tétrahydropyrimidin-5-yl)phényl]propionique ; et

le sel ftrifluoroacétate de l'acide (S)-2-[4-[(3-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propionylami-
no]éthoxy]éthoxy]éthoxyléthoxy]propionylamino)méthyl]-2,6-difluorobenzoylaminol-3-[4-(1,3,6-triméthyl-2,4-
dioxo-1,2,3,4-tétrahydropyrimidin-5-yl) phényl]propionique.

19. Un composé selon la revendication 1, choisi dans le groupe constitué par :
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le sel trifluoroacétate de I'acide (S)-2-[4-[(3-[2-[2-[2-[2-[2-[2-[2-[2-[3-(2,5-diox0-2,5-dihydropyrrol-1-yl)propiony-
lamino]éthoxy]éthoxy]éthoxyléthoxy]éthoxy]éthoxyléthoxy]éthoxy]  propionylamino)méthyl]-2,6-difluoroben-
zoylamino]-3-[4-(1,3,6-triméthyl-2,4-dioxo-1,2,3,4-tétrahydropyrimidin-5-yl)phényl]propionique ;

l'acide (S)-2-[4-[[3-[2-[2-[2-[2-[2-[2-[2-[2-acétylsulfanylé-
thoxy]éthoxy]éthoxyléthoxy]éthoxy]éthoxyléthoxy]éthoxy]propionylamino]méthyl]-2,6-difluorobenzoylamino]-
3-[4-(1,3,6-triméthyl-2,4-dioxo-1,2,3,4-tétrahydropyrimidin-5-yl) phényl]propionique ; et

l'acide (S)-2-[4-[[3-[3-[2-[2-[2-[2-[2-[2-[2-(2-acétylsulfanylé-
thoxy)éthoxy]éthoxy]éthoxy]éthoxy]éthoxy]éthoxy]éthoxy]propionylamino] propionyl]-[4-[(S)-1-carboxy-
2-[4-[1,3,6-triméthyl-2,4-dioxo-1,2,3,4-tétrahydropyrimidin-5-ylJphényl]éthylcarbamoyl]-3,5-difluorobenzylami-
no]méthyl]-2,6-difluorobenzylaminol-3-[4-[1,3,6-triméthyl-2,4-dioxo-1,2,3,4-tétrahydropyrimidin-5-yl]phé-
nyl]propionique.

20. Une composition pharmaceutique comprenant un composé selon I'une quelconque des revendications 1 a 19 et
un excipient pharmaceutiquement acceptable.

21. L'utilisation d’'un composé selon I'une quelconque des revendications 1 a 19 pour la préparation d’'un médicament
pour le traitement ou a la prophylaxie d’une inflammation, d’'un cancer ou d’'une maladie ou d’un trouble métabolique.
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 6
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